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Abstract
The 2014 West Virginia Elk River Chemical Leak:
A Case Study of Respiratory Health Disparities and Drinking Water Contamination
Maya Nye
This case study supplements existing data with original analysis to address
environmental pollution burden and health effects not previously examined from the 2014
Freedom Industries Elk River chemical leak in West Virginia.
between the peer-reviewed literature,

governmental

disaster

Comparisons were made
management

practices

implemented during the leak, and alternative human health assessment models to determine
whether the evidence relied upon for decision-making was adequate for protecting public
health, minimizing health disparities and increasing health equity. An emphasis was placed
on understanding how the state and federal government approached human health hazard
assessment

and

health

outcome

reporting, particularly of socially vulnerable and

marginalized populations, as they carried out their responsibilities to prevent exposures and
adverse health outcomes related to the Elk River chemical leak and future similar disasters. The
central research question guiding this research study was, “how did governmental disaster risk
management policies and/or practices implemented during the Elk River chemical leak
increase the health inequity burden?” Results indicate that 1) respiratory health outcomes
are significantly associated with inhalation route of exposure among ER cases classified as being
exposed to the 2014 Elk River chemical leak; 2) there is an observed relationship between the
flushing intervention and increases in MCHM exposure-classified ER cases with all pathways
of exposure across demographics; 3) the respiratory health of low-income Black residents was
disproportionately burdened. Results from this study can be used to close the health equity gap
and inform public health strategies to better protect socially vulnerable and marginalized
communities impacted by future similar environmental disasters.

iii

Dedication

For Maw.
For Environmental Health Justice.

iv
Acknowledgements
There are a number of people who have informed my path to a doctorate in public health
sciences. Among the top include members of my past, current and ad-hoc committee members:
Dr. Michael McCawley (this is mostly all his fault), Dr. Linda Alexander, Dr. Celeste Monforton,
Dr. Travis Knuckles, Dr. Caroline Groth, Dr. Douglas Myers, Dr. Alan Ducatman. There aren’t
enough words for the guidance, perspective and painstaking number of hours they generously
provided me during my graduate tenure.
There also aren’t enough words for the people in my support and mentor network without
whose support, encouragement, wisdom, resources, sacrifices and guidance (whether they know it
or not) I may not have achieved this monumental endeavor. These include Dr. Shirley Stewart
Burns, Matthew Burns, Melissa Ellsworth & Lil’ D, Sheila Moran, Jennifer Scragg, Sue Davis,
Pam Nixon, Terry Franklin, My family, Shep and Henry, Sara Pauley Coffey, Heather Huffman,
Donna Willis, Mildred Holt, Warne Ferguson (RIP), Gregg Suzanne Ferguson, Kathy Ferguson,
Jason Myer, Ken Ward Jr., Pat McGinley, Suzanne Weiss, Michele Roberts, Richard Moore, Jose
Bravo, Stephanie Herron, Steve Taylor, Phoebe Gooding, Judy Robinson, Christine and Delma
Bennett, Dr. Fatemeh Shafiei, Dr. Nicky Sheats, Dr. Henry Clark, all the EJHA family.
There are a number of people who have helped me with resources, guidance and elbow
grease along the way including Andrew Whelton, Elijah Blanton, Marcus Constantino, Jennifer
Sherrod, Leah Atkins, Tiffany Salomone, Crystal Rhodes, Jenny Barre, Sumaira Khalid, Raihan
Khan, Kimeran Evans, Sue Ann Woods. There are a myriad of others. Hopefully, you know who
you are. Thank you.

v
Table of Contents
Abstract........................................................................................................................................... ii
Dedication...................................................................................................................................... iii
Acknowledgements ........................................................................................................................iv
Table of Contents ............................................................................................................................ v
List of Tables ................................................................................................................................ vii
List of Figures.............................................................................................................................. viii
List of Abbreviations ......................................................................................................................ix
Chapter 1 Introduction ..................................................................................................................... 1
Section 1.1 Background and Literature Review .......................................................................... 1
1.1.1 Health Disparities and Health Equity ............................................................................ 1
1.1.2 Case Study: Elk River Chemical Leak ......................................................................... 4
Section 1.2 Research Aims ........................................................................................................ 12
Section 1.3 Human Subjects ...................................................................................................... 13
Chapter 2 Respiratory Health Outcomes Associated with Reported Exposures to the 2014 West
Virginia Elk River Chemical Leak and Drinking Water Contamination ...................................... 14
Section 2.1 Abstract. 14
Section 2.2 Introduction ............................................................................................................ 15
Section 2.3 Methods 17
2.3.1 Sample .......................................................................................................................... 17
2.3.2 Sample Classification ................................................................................................... 19
2.3.3 Measures ....................................................................................................................... 20
2.3.4 Data Analysis ................................................................................................................ 21
Section 2.4 Results .. 21
Section 2.5 Discussion............................................................................................................... 23
Section 2.6 Conclusions ............................................................................................................ 28
Chapter 3 Characterizing the Effects of a Public Health Intervention on Reported Respiratory
Health Outcomes and Pathways in Exposure-Related Emergency Room Visits from the 2014 West
Virginia Elk River Chemical Leak and Drinking Water Contamination ...................................... 30
Section 3.1 Abstract. 30
Section 3.2 Introduction ............................................................................................................ 31
3.2.1 Flushing ........................................................................................................................ 31
3.2.2 MCHM Persistence in the Tap Water........................................................................... 34
3.2.3 Toxicological and Epidemiological Studies ................................................................. 36
Section 3.3 Methods 41
3.3.1 Sample .......................................................................................................................... 41
3.3.2 Sample Classification ................................................................................................... 41
3.3.3 Measures ....................................................................................................................... 42
3.3.4 Data Analysis ................................................................................................................ 42
Section 3.4 Results .. 43
3.4.1 After vs. Before ............................................................................................................. 43
3.4.2 Two-Day Comparison of After vs. Before .................................................................... 45

vi
Section 3.5 Discussion............................................................................................................... 48
3.5.1 The Dataset ................................................................................................................... 48
3.5.2 Respiratory Health Outcomes ...................................................................................... 49
3.5.3 Flushing ........................................................................................................................ 50
3.5.4 Intrinsic and Extrinsic Factors for ER Use .................................................................. 51
3.5.5 Limitations .................................................................................................................... 52
Section 3.6 Conclusions ............................................................................................................ 54
Chapter 4 Respiratory Health Disparities Among Exposure Classified ER Visits During the 2014
West Virginia Elk River Chemical Leak and Drinking Water Contamination ............................. 57
Section 4.1 Abstract. 57
Section 4.2 Introduction ............................................................................................................ 58
Section 4.3 Methods 65
4.3.1 Demographic Analysis of the Affected Population ....................................................... 65
4.3.2 Analysis of Emergency Room Medical Records ........................................................... 66
Section 4.4 Results .. 68
4.4.1 Demographic Analysis of the Affected Area ................................................................. 68
4.4.2 Descriptive Analysis ..................................................................................................... 71
4.4.3 Analytical Results ......................................................................................................... 73
Section 4.5 Discussion............................................................................................................... 74
4.5.1 Census Analysis ............................................................................................................ 74
4.5.2 Vulnerable Population Assessment .............................................................................. 75
4.5.3 Reporting Differences in ER Visits ............................................................................... 76
4.5.4 Health Disparities Surveillance.................................................................................... 82
Section 4.6 Conclusions ............................................................................................................ 82
Chapter 5 Conclusions and Summary of Future Research ............................................................ 84
Section 5.1 Overall Conclusion ................................................................................................. 84
Section 5.2 Summary of Recommendations ............................................................................. 86
Section 5.3 Summary of Future Research ................................................................................. 88

vii
List of Tables
Table 1. Descriptive Results of Respiratory Health Outcomes by Routes of Exposure and Points
of Contact ...................................................................................................................................... 22
Table 2. Number of emergency room (ER) visits classified as having MCHM exposure by
intervention timeframe and outcome type. .................................................................................... 44
Table 3. Prevalence (by percent) of asthma in the United States (US) and West Virginia (WV),
2013-2014. ..................................................................................................................................... 62
Table 4. Census analysis of region affected by the 2014 Elk River Chemical Leak. ª ................. 70
Table 5. Demographic analysis of RHOs and medical history of asthma reported among people
who visited the ER with MCHM exposure before and after the flushing intervention. ................ 73

viii
List of Figures
Figure 1. Timeline of the incrementally initiated flushing intervention and corresponding
variables used for data analysis. .................................................................................................... 42
Figure 2. Trend in two-day rates of RHOs attributed to each route of exposure by the two-day
total of ER visits with RHOs. ........................................................................................................ 46
Figure 3. Map of the area affected by the Elk River chemical leak and overlapping census tracts.
The area highlighted in red is the outline of the area described by WVAW as affected by the Elk
River chemical leak. The areas outlined in blue are the 83 corresponding census tracts that either
completely or partially included the affected region for which demographics have been analyzed.
....................................................................................................................................................... 68

ix
List of Abbreviations
ACE

Assessment for Chemical Exposure investigation; conducted by ATSDR

APGAR

score used to evaluate the health of newborns

ATSDR

Agency for Toxic Substances and Disease Registry

CASPER

Community Assessment for Public Health Emergency Response

CDC

U.S. Centers for Disease Control and Prevention

COPD

chronic obstructive pulmonary disease

DiPPH

dipropylene glycol phenyl ether

DNU

official “Do Not Use” water ban

EPA

U.S. Environmental Protection Agency

ER

emergency room

FEMA

Federal Emergency Management Agency

GERD

gastroesophageal reflux disease

KCHD

Kanawha-Charleston Health Department

MCHM

4-methylcyclohexane methanol; 4-MCHM is pure MCHM; Crude MCHM is a
mixture of 4-MCHM and other chemicals that may or may not include PPH or
DiPPH; the leaked material to which the public was exposed was a blend of
crude MCHM that contained PPH, DiPPH and was mixed with pure
hydrochloric acid

NOS

not otherwise specified

NTP

National Toxicology Program

PPH

propylene glycol phenyl ether

PWSSSC

Public Water System Supply Study Commission

RHO

respiratory health outcome; this could include a symptom or diagnosis

SDOH

Social Determinants of Health

SDS

Safety Data Sheet

WVBPH

West Virginia Bureau for Public Health

WVDEP

West Virginia Department of Environmental Protection

WVDHHR

West Virginia Department of Health and Human Resources

1
Chapter 1 Introduction
Section 1.1 Background and Literature Review
1.1.1 Health Disparities and Health Equity
The United States is founded upon values of equality, and inalienable rights to life, liberty
and the pursuit of happiness. While the true meanings of these words have been long debated and
vary in interpretation, it is understood that health is an essential component of a flourishing society.
Health, in this case, does not simply mean the absence of disease or illness, it implies complete
well-being of the physical, mental and social states (Organization). It is the necessary foundation
for individual participation and contribution to society. The functionality of political processes,
employment and social relationships all require good health (P. A. Braveman et al., 2011; Century,
2003; Sen, 2001).
Public health as an institution serves as the main mechanism to protect and promote
population health. It is “what we, as a society, do collectively to assure the conditions in which
people can be healthy” (I. o. M. C. f. t. S. o. t. F. o. P. Health, 1988). While the provision of public
health services are generally shared among the private and public sectors (I. o. M. C. f. t. S. o. t.
F. o. P. Health, 1988), it is the ultimate duty of governmental public health agencies to uphold this
collective value (Century, 2003). Despite a decades old goal overarching the national health
agenda to eliminate widespread health disparities (Baker et al., 2018; U. S. D. o. H. a. H. Services),
socioeconomic and racial/ethnic disparities in U.S. population health continue to widen (National
Center for Health, 2016; Singh & Kogan, 2007; Singh & Siahpush, 2006). This demonstrates
deficits in our nation’s established public health system to adequately achieve its intended mission
(Century, 2003; I. o. M. C. f. t. S. o. t. F. o. P. Health, 1988) that must be improved.
Understanding and measuring the conditions that produce health disparities is essential to
reduce them (C. o. S. D. o. Health, 2008). Having clear scientific measures are essential for
understanding the gaps that enable these health disparities to persist (Carter-Pokras & Baquet,
2002), which includes clearly defining the problem and the ways in which disparities may be
produced. This is especially due to the well-documented disparities among racial/ethnic and
socioeconomic groups according to Foundation, Braveman, & Egerter (2008), Singh & Kogan
(2007), Singh & Siahpush (2006), and Voelker (2008) as cited in Braveman et al. (2011).
Persistent disparities among racial/ethnic and socioeconomic groups have not been studied
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exhaustively in the broad area of occupational and environmental exposures. The purpose of the
current study is to further investigate how health disparities can be produced during chemical
disasters as a function of governmental management of the disaster.
Social Determinants of Health (SDOH, or “the social determinants”) as outlined by the
World Health Organization’s (WHO) Commission on Social Determinants of Health were adopted
by the U.S. as one way to address issues of health disparities and equity. They recognize the
contexts and conditions of the social, economic and physical environments in which people live
that affect their health. Many examples of SDOH exist including exposure to toxic substances and
other physical hazards, residential segregation, access to emergency and health care services,
exposure to crime, physical barriers, and lack of transportation or lack of access to transportation
(2020). Healthy People 2020, which outlines the U.S. public health agenda through the year 2020,
breaks down the social determinants into five key domains including economic stability,
education, social and community context, health and health care, and neighborhood and built
environment. Yet, health disparities persist.
“Health disparity” and “health equity,” are often used interchangeably in the scientific
literature. For the purposes of this study, the definitions coined by Braveman et al. (2011) will be
used, which is “health disparities are systematic, plausibly avoidable health differences adversely
affecting socially disadvantaged groups...” Social disadvantage will be defined as “unfavorable
social, economic, or political conditions that some groups of people systematically experience
based on their relative position in social hierarchies.” This definition implies the distinction of
groups who are socially marginalized and discriminated against regardless of intent and does not
simply reflect differences of health in the general population. It reflects differences of health in
the population associated specifically with diminished social status. Health equity, in a similar
vein, means “social justice in health” (P. A. Braveman, et al., 2011) and having access and
resources needed to achieve a complete state of health and well-being. Health disparities, as
defined in this study, are benchmarks used to measure advancements towards health equity (P.
Braveman, 2014; P. A. Braveman, et al., 2011).
To further define the problem, there are many known social factors that contribute to
diminished health including social inequality, which has been shown to interfere with the health
of the entire population and disproportionately affects its disadvantaged members (Cushing,
Morello-Frosch, Wander, & Pastor, 2015). It is understood that environmental degradation
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disproportionately affects the health of socially disadvantaged groups, often referred to as
“vulnerable” populations, such as communities of color and communities with low socioeconomic
status. This definition speaks to the systematic social marginalization of these groups which
socially position them to be more susceptible to threat than non-marginalized groups, not to
inherent properties of weakness. Vulnerable populations experience inequitable exposure to
environmental toxicants (Bryant & Mohai, 1992; Robert D Bullard, 1994; Houston, Wu, Ong, &
Winer, 2004; Rachel Morello-Frosch & Jesdale, 2006; Pastor, Morello-Frosch, & Sadd, 2005).
They experience more chemical disasters as compared to the overall population which is linked
to the fact that vulnerable populations often reside in closest proximity to hazardous chemical
facilities (Chakraborty, Collins, Grineski, Montgomery, & Hernandez, 2014; Elliott, Wang, Lowe,
& Kleindorfer, 2004; Steve Lerner, 2010; Orum, Moore, Roberts, & Sanchez, 2014) and hazardous
waste sites (Robert D Bullard, Mohai, Saha, & Wright, 2007; Justice, 1987; Norton et al., 2007).
Disasters are known to negatively impact vulnerable populations to a greater degree than
the rest of the population (Cutter et al., 2006; Wisner, Blaikie, Cannon, & Davis, 2004) and natural
hazards that trigger chemical releases may exacerbate already disastrous situations (Organization,
2018). Social and economic marginalization, which is closely associated with health disparities
(P. A. Braveman, et al., 2011), is known to influence vulnerability in all stages of environmental
disasters (Robert D Bullard & Wright, 2012; Flanagan, Gregory, Hallisey, Heitgerd, & Lewis,
2011). Vulnerability mediates an individual’s ability to recover (Cutter, et al., 2006; Fothergill &
Peek, 2004; Sexton & Linder, 2010) and affects community resiliency (Cutter, et al., 2006;
Lansford, Covarrubias, Miller, Lansford, & Payne, 2010).
Studies have shown that governmental management of environmental disasters like
Hurricane Katrina can make preexisting health disparities worse and often produce health
inequities (R. Bullard, 2008; Robert D Bullard & Wright, 2012). Our collective knowledge of this
occurs within social determinants of health. For example, prevention is one of the main tenets of
disaster management yet multiple chemical disasters occur each year (Elliott, et al., 2004; White,
2018). “Disasters push poor people deeper into poverty and exacerbate unemployment and
crowding among families with children” (Robert D Bullard & Wright, 2012). Mistrust of
government and public health agencies is greater among poor communities and communities of
color due to historical treatment (Robert D Bullard & Wright, 2012; DeBruin, Liaschenko, &
Marshall, 2012; D. Miller & Rivera, 2006; Rowel, Sheikhattari, Barber, & Evans-Holland, 2009),
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and oftentimes, recovery resource allocation and management is differential (Weber, Messias, &
Medicine, 2012).
Significant alterations in social arrangements (M. Marmot, 2005) are required in order for
SDOH, and thus health equity, to be embraced. This involves the redistribution of power, money
and resources (Michael Marmot et al., 2008), which may underlie why systematizing the SDOH
has been so difficult. Policies that do not incorporate the SDOH ignore the most powerful predictor
of health and health equity (Wilkinson & Marmot, 2003) and may play a role in how health
inequities are systematically perpetuated and potentially exacerbated in chemical disaster
situations. An accurate public health framework acknowledges the critical importance of the social
determinants of health. By incorporating this framework as a part of a scientific investigation, it
may further elucidate how health disparities occur may produce data that facilitates alignment of
the issues with current institutional arrangements. This investigation also portends to provide
information that can be used for an effective response to mitigate unintended consequences of the
creation of further health disparities as part of governmental disaster management. This may result
in a shift from blaming vulnerable individuals for their bad health. These are among the complex
barriers related to the social, political and economic landscape that have been identified as essential
to overcome to improve health equity (Baker, et al., 2018; Farrer, Marinetti, Cavaco, & Costongs,
2015).
Using these intersectional understandings of health disparities, health equity, the role of
our national public health system, and chemical and environmental disasters, this study will
investigate how the responses by state and federal agencies may have perpetuated rather than
eliminated disparities. As the designated protectors of public health, this study focuses on how
governmental agencies may have fostered an environment that increased the potential for disparate
health effects during chemical disasters with regard to exposure and health consequences in the
case of the 2014 Elk River chemical leak in West Virginia.

1.1.2

Case Study: Elk River Chemical Leak

1.1.2.1 The Disaster
In January 2014, approximately 10,000 gallons of a chemical used to process coal
commonly referred to as “MCHM” was found leaking into West Virginia’s Elk River (Gupta,
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2014) approximately 1.5 miles upstream of the state’s largest drinking water-treatment plant
(Osnos, 2014). The chemical was described as smelling like licorice (Gupta, 2014). Human
toxicity was not well understood about the leaked chemical (A. Miller et al., 2016) because it was
not adequately tested for human toxicity, and by law was not required to be, before it was
distributed to 300,000 people (Board, 2017) across parts of ten (U. S. C. f. D. C. a. Prevention)
West Virginia counties, some of whom had previously suffered from chemical contamination of
their drinking water systems due to unfettered mining practices (R. Johnson, 2014a). The resulting
uncertainties created additional complexities in the disaster management process to characterize
toxicity and determine safe levels of exposure for the population in a timely manner (Board, 2017;
Frieden, 2014a; A. Miller, et al., 2016; Ward Jr, 2015) and to characterize waste for disposal
(Armstead, 2014). Everyone in the affected area was ordered not to use the water for purposes of
drinking, bathing or cooking, although this order was only partially adhered to. Many people used
the water during a week-long “Do Not Use” water ban (Burrer et al., 2017) and immediately
following the ban (Centers for Disease Control and Prevention, April 2014; Schade et al., 2015)
potentially exposing them to the leaked substance (Amanda E. Sain, Andrea M. Dietrich, Elizabeth
Smiley, & Daniel L. Gallagher, 2015).
Upon request, the Centers for Disease Control (CDC) developed a screening level to assist
the state of West Virginia in determining what level of the chemical in the drinking water would
be an acceptable health risk. The “screening level,” established with limited scientific to determine
human health effects, was 1 ppm for ingestion. This screening level was considered to be
protective of inhalation exposure but was not guaranteed (Frieden, 2014a). The duration of
exposure was initially expected to be acute (14 days) (Gupta, 2014). Following a week-long “Do
Not Use” (DNU) water ban, every establishment (homes, businesses, school and hospitals) were
required to flush the chemical through their plumbing in order to decontaminate the system (Water,
2014b). Upon flushing of the system, the water was assumed to be “adequate” for use. Flushing
instructions provided to the general public provided no guidance for personal protection from
exposure and noted that expected lingering smells would not be a health issue (Water, 2014b).
Although the Safety Data Sheet (SDS) for crude MCHM contained little toxicological information,
it cautioned for inhalation hazards (E. C. Company, 2011). Notably, there was a peak in
emergency room visits following this flushing process (A. J. Whelton et al., 2015) although
descriptive studies conducted in the aftermath do not delineate adverse health outcomes pre- and
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post-flushing (E. D. Thomasson, Scharman, Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott,
Wilson, Haddy, Pizon, L Burrer, et al., 2017). Other studies indicate that the chemical volatilized
at hotter temperatures (Amanda E. Sain, et al., 2015; A. J. Whelton, et al., 2015) that people were
likely exposed to levels that exceeded the exposure screening limit during showering (OmurOzbek, Akalp, & Whelton, 2016; Amanda E. Sain, et al., 2015) and for longer than anticipated
(Cozzarelli et al., 2017; Expert Panel: Michael, Shai, James, Stephen, & Paul; Water, 2014d,
2014e; A. J. Whelton, et al., 2015; A. J. Whelton, McMillan, Novy, White, & Huang, 2017b). This
serves as an impetus for the additional assessment of emergency room records for respiratory
health outcomes following the flushing process.
1.1.2.2 What the Disaster Means to Public Health
The uniqueness of this event lies in the fact that this lack of essential human toxicity data
posed significant challenges for officials in charge of protecting the public health (Board, 2017).
The resulting uncertainties created additional complexities in the disaster management process to
characterize toxicity and determine safe levels of exposure for the population in a timely manner
(Board, 2017; Frieden, 2014b; A. Miller, et al., 2016). In addition to the water contamination
itself, this sparked additional fear and uncertainty among those impacted and enhanced mistrust of
governmental officials in charge of protecting the public health (Board, 2017; A. Miller, et al.,
2016; WVFREE, PCACS, & Partners, 2014). An example of this occurred when toxicological
uncertainties prompted the issuance of an additional Do Not Use ban for pregnant women out of
what was determined to be “an abundance of caution” after the ban had already been lifted for
most of the impacted population (Board, 2017; Frieden, 2014b; B. f. P. Health, 2014).
To distinguish this event as a preventable occurrence, it will be referred to in this study as
the “Elk River Chemical Leak” rather than the colloquial “Elk River Chemical Spill”, although the
terms may at times be used interchangeably. It may also be referred to as “the leak,” “the event,”
“the disaster,” or “the incident.” While it has also been distinguished as “largest chemical drinking
water contamination incident in U.S. history” (Gupta, 2014), it should be noted that the event
occurred just prior to mass public awareness around the lead water contamination incident in Flint,
Michigan. This was not the only “largest” claim of the Elk River chemical leak. Scharman &
Pizon (2014) describe it as “the largest cohort ever reported of human exposures to MCHM.”
According to Schade et al. (2015), it was also “the largest reported outbreak of acute illness related
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to chemical contamination of water in recent U.S. history” (2015) at the time, yet to date, this area
is under-investigated in the literature.
A number of studies have been conducted to study the Elk River chemical leak. Since so
little was known about the toxicity of the substance, many of the studies conducted in the event
aftermath address this issue and provide conflicting results (Han et al., 2017; Horzmann, de Perre,
Lee, Whelton, & Freeman, 2017; V. J. Johnson et al., 2017; Lan, Hu, Gao, Alshawabkeh, & Gu,
2015; Novy, 2015; Paustenbach, Winans, Novick, & Green, 2015; Program, 2014, 2015a, 2015b,
2015c, 2015d, 2015e, 2016a, 2016b). What has become clear through this research is that most of
the toxicity studies conducted, including those conducted by the National Toxicology Program (V.
J. Johnson, et al., 2017), did not use samples of the actual leaked product which was a blend of
crude MCHM provided with unclear amounts of added pure hydrochloric acid (Skiles, 2016).
Instead, they analyzed samples produced by the chemical manufacturer, Eastman Chemical
Company, or other laboratories which may not accurately reflect the substance to which the public
was exposed. Not analyzing the chemical mixture that was leaked could cause confusion when
interpreting health effects if the toxicological studies that being relied upon for biological basis do
not address potentiation or synergism which were found to increase the cytotoxicity with coexposures (Han, et al., 2017). As of January 3, 2020, only one known toxicological study reported
in the peer-reviewed literature had been conducted using the actual material leaked from Freedom
Industries. It demonstrated potentially synergistic or potentiating toxicological differences from
the crude MCHM mixture produced by Eastman Chemical Company (Horzmann, et al., 2017;
Novy, 2015).
Other research addressing the leak reveal additional understanding around flushing,
chemical sorption, transportation, fate and recovery (Casteloes, Brazeau, & Whelton, 2015;
Cozzarelli, et al., 2017; Y Thomas He, Aaron Noble, & Paul Ziemkiewicz, 2015; McMillan, 2015;
A. J. Whelton, et al., 2015; Yuan, Zhi, Liu, Smiley, Gallagher, Chen, et al., 2016; Yuan, Zhi, Liu,
Smiley, Gallagher, Dietrich, et al., 2016), failures in process safety (Bresland, Hansen, Whelton,
& Hazards, 2015), social media (Bray, 2017) and risk communication during disaster response and
mitigation (Manuel, 2014), water security (Rosen et al. 2014, Benjamin et al. 2018), physical and
chemical properties (DeYonker, Charbonnet, & Alexander, 2016; Foreman et al., 2015), economic
impacts (Todd Guilfoos, Kell, Boslett, & Hill, 2018; Research, 2014), and science-supported
decision-making (Weidhaas et al 2016). One report analyzes internal and external communication
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and coordination of the public health response but specifically does not review policies or causal
agents of the leak or potential associated health effects (Stoto, Piltch-Loeb, & Savoia, 2015). A
report by Miller et al. (2016) acknowledges gaps in knowledge about health impacts from the Elk
River chemical leak and deficits in health data collection that may have better informed health
response. This study, in comparison to the Miller et al. study, contributes to an understanding of
deficits in health data collection as they may be associated specifically with health disparities
during the Elk River chemical leak.
Some studies have sought to understand the health implications of the event. A. J. Whelton,
et al. (2015) conducted water sampling in affected homes during the ongoing disaster to determine
public perceptions and health impacts, tap water concentrations and effectiveness of the flushing
protocol (A. J. Whelton, et al., 2015). This process was important for understanding potential
exposure at a main source of exposure in the home, a step that was not undertaken by any
governmental agency as discussed by Miller et al. (2016). The Centers for Disease Control (CDC)
and Agency for Toxic Substances and Disease Registry (ATSDR) conducted a Community
Assessment for Public Health Emergency Response (CASPER) questionnaire in the aftermath of
the disaster and published those self-reported health implications with additional hospital level
data (Burrer, et al., 2017; Centers for Disease Control and Prevention, April 2014; W. V. B. f. P.
Health & Registry, 2014; Hsu et al., 2017; E. D. Thomasson, Scharman, Fechter-Leggett, Bixler,
Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy, Pizon, L Burrer, et al., 2017). The descriptive nature
of these studies is a good beginning to help us understand some potential acute outcomes of
exposure, but their study designs overlook (E. D. Thomasson, Scharman, Fechter-Leggett, Bixler,
Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy, Pizon, L Burrer, et al., 2017) potential inhalation
exposure, which may have been a significant source of exposure (Casteloes, et al., 2015; Centers
for Disease Control and Prevention, April 2014; Amanda E. Sain, et al., 2015) and confuse it with
dermal exposure (W. V. B. f. P. Health & Registry, 2014). This is an area where differential effects
may have occurred, yet little attention has been given to it in the scientific literature.
It is noteworthy that many of the studies addressing health implications were conducted by
governmental officials. Although not rooted in malintent, government science has been known to
make invisible and further marginalize the health of poor communities and communities of color
in ways such as choosing which environmental health problems to address. Such decisions are
based on sociocultural values and practices that configure institutional priorities, which are often

9
further constricted politics and financial support (Powell et al., 2011). This lens coupled with the
gaps highlighted in our understanding of the health implications of the Elk River chemical leak
focus attention on the role of government in protecting public health during disasters and the
disaster management frameworks in which they operate to understand and act upon vulnerabilities
which includes how they conduct risk assessment and measure health outcomes.
To date, few scientific studies have been conducted to specifically analyze health
disparities among socially marginalized populations related to the Elk River chemical leak using
medical records associated with reported exposure to the event. The only known studies using
medical records that currently exist in the literature and specifically assess the health outcomes of
vulnerable populations related to the Elk River chemical leak are assessments of birth outcomes,
and these provide conflicting results (Stacey M Benson et al., 2018; Todd Guilfoos, et al., 2018;
Sanders, 2016). Household surveys reported in further detail in Chapter 3 provide some additional
insight by identifying that some people had the resources to flee the affected area to find clean
water for uses such as bathing (Centers for Disease Control and Prevention, April 2014; WVFREE,
et al., 2014) to whereas someone without similar resources may have had to rely on what was
readily available to them. Differences in access to resources which may have differential health
implications were reported in the gray literature: “Another participant noted that food costs are
very expensive and she needed her food stamps to be spent on food, not on water” (WVFREE, et
al., 2014). It is expected that homeowners may have had greater autonomy over the process of
flushing than renters or people who live in multi-dwelling subsidized housing units which could
potentially have differential health implications, yet such topics that illustrate income-based
differences have not been much explored in the literature.
The ways that such potential differences in exposure may have been identified by
governmental agencies in charge of conducting vulnerability and exposure assessments has also
not been reported in the literature. That topic is at the heart of this study. While it will not be
solely investigated in this study, it is important to also point out that no occupational studies have
been conducted associated with the Elk River chemical leak that may elucidate how certain
workers may have been disproportionately exposed to the leaked substance or any potential
resulting differential health implications.
Lack of studies investigating differential health effects from the Elk River chemical leak
does not mean there were no differential health effects. Afterall, absence of evidence does not
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mean evidence of absence, and, whether intentionally or unintentionally, science can make
invisible and further marginalize the health of poor communities and communities of color
(Powell, et al., 2011). When conducting corporately funded research, risk assessors may produce
results that manufacture scientific uncertainty (Heath, 2016; Michaels, 2008; Michaels &
Monforton, 2005) which may thwart regulations intended protect the general, and thus vulnerable,
populations from harm. When authoritative reports do not account for differential health effects,
it can easily be confused with assuming no differential health effects exist even when they were
never designed to understand such differences.
Since governmental management is associated with producing and widening health
disparities, the data produced in this study are essential for improving disaster management and
identifying potential mechanisms to institutionalize the reduction of health disparities and improve
health equity in future chemical disasters. Using the Elk River chemical leak as a case study, this
study will evaluate ways in which a systematic lack of governmental investigation to elucidate
potential health differences among the population may play a key role in perpetuating similar
health disparities during environmental disasters.
1.1.2.3 Preliminary Studies
A 2016 literature review seeking to better understand the potential public health effects of
the Elk River chemical leak (Nye, 2016) revealed that the leaked chemical 1) is potentially more
toxic than previously understood, 2) persisted in the water distribution system longer than initially
predicted, 3) exposure likely exceeded CDC and EPA screening thresholds, and 4) may follow
multiple exposure pathways which were not considered when establishing levels adequate for
public consumption. Additionally, the public health advisory issued by CDC may have been
inadequate, and existing gaps in the literature prevented a full characterization of the public health
effects of the chemical leak, particularly by inhalation. Findings suggested that a comprehensive
protocol considering multiple exposure routes, vulnerable populations, and varying duration
should be developed to improve emergency response when the toxicity of a released chemical is
not well established. This review provided an empirical foundation for investigating the gaps in
governmental policies and practice related to assessing exposure and reporting health outcomes.
A separate study conducted in 2014 by WV FREE, a non-profit women’s reproductive
justice organization, examined community experiences during the immediate aftermath the Elk
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River chemical leak (WVFREE, et al., 2014). Data was obtained directly from over 60 participants
at six listening sessions across the impacted area. Five of these occurred in Kanawha County, the
county with the greatest population impacted, and one in Putnam County where the remains of the
leaked chemical tank contents were disposed. Two of the sessions were held at public housing
complexes, one at the Putnam County courthouse, and the remaining sessions were held at various
churches. Each session was open to the public and was advertised through general press releases
to local media and sent through email blast to ally organizations. The same open-ended questions
were asked of each group. Results from these sessions were compiled in a report that was used
for advocacy purposes to inform future decision-making and policy efforts. Key findings were
that 1) lives were interrupted as a result of the event, 2) physical health impacts were experienced,
3) fear and anxiety was pervasive, 4) there was decreased trust in government officials, 5) there
were heightened concerns for the safety of women and children, and 6) that civic action was needed
to receive necessary health information and for accountability. Details of the report include a
collection of anecdotes that support differential experiences were associated with the event. Such
details provide substantive catalyst for the current study.
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Section 1.2 Research Aims
This dissertation uses the 2014 West Virginia Elk River chemical leak as a case study and a
three Journal Article Format to examine how governmental disaster risk management policies
and/or practices implemented during the Elk River chemical leak increased health inequity burden.
Chapter 2 analyzes emergency room records for health outcomes not previously assessed to
reveal gaps in health hazard assessment.
Specific Aim 1: Characterize respiratory health outcomes and exposure pathways
associated with emergency room records related to water contamination exposure.
Aim 1 Hypothesis: Respiratory health outcomes (RHOs) and inhalation exposure are more
prominent among MCHM exposure cases than previously revealed in the peer-reviewed
literature.
a. Define a classification system for respiratory health outcomes.
b. Outline respiratory health outcomes by routes of exposure and points of contact.
c. Summarize patterns of respiratory health outcomes.
Chapter 3 examines the effectiveness of the public health intervention used to mitigate
health effects from the 2014 Elk River chemical leak to reveal literature gaps.
Specific Aim 2: Characterize the effect of the flushing intervention on ER visits with
reported exposure classified as having respiratory health outcomes
Aim 2 Hypothesis: The number of acute respiratory diagnoses from emergency room
records associated with the Elk River chemical leak were higher in the days following
the plumbing flushing (January 13 -23, 2014) than in the days immediately following
the leak (January 9-12).
a. Describe ER visits as they pertain to timeframes of the flushing intervention.
b. Summarize patterns of respiratory health outcomes and exposure pathways for
the overall sample as they relate to timing of the flushing intervention.
c. Test hypothesis that number of respiratory health outcomes from emergency
room records associated with the Elk River chemical leak were higher (p≤0.05)
in the days following the plumbing flushing (January 13 -23, 2014) than in the
days immediately following the leak (January 9-12).
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Chapter 4 elucidates the effects of disaster response interventions for socially marginalized
populations.
Specific Aim 3: Investigate the relationship between RHOs and socially marginalized
populations.
Aim 3 Hypothesis: There are higher rates of RHOs among low-income Blacks and
Blacks with history of asthma than similarly situated Whites overall and following the
flushing intervention.
a. Describe the demographics of the affected population and of emergency room
medical records associated with exposure to the water contamination event.
b. Analyze medical records for health disparities related to respiratory health
outcomes, routes of exposure, points of water contact, and effects related to the
flushing intervention and summarize patterns
c. Determine whether community members experienced health effects differently
than reported in government reports and peer-reviewed literature.

Section 1.3 Human Subjects
West Virginia University’s Institutional Review Board determined that this study does not
meet the definition of human subject research (protocol #1906618039).
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Chapter 2 Respiratory Health Outcomes Associated with Reported Exposures to the 2014 West
Virginia Elk River Chemical Leak and Drinking Water Contamination
Section 2.1 Abstract
A large-scale drinking water contamination in West Virginia by a volatile organic chemical
mixture with sparsely available health data prompted a week-long “Do Not Use” order while
officials determined an acceptable exposure concentration for public health. Visits to emergency
rooms peaked following an attempt at system decontamination after much of the public resumed
many normal water-use activities such as showering and bathing. Studies conducted after the leak
indicated that a standard 15-minute hot shower produced levels of the leaked chemical that likely
exceeded the protective health screening level for inhalation. Although studies assessing acute
health effects have previously noted respiratory symptoms, none have analyzed specifically for
respiratory health outcomes (RHOs) that might be expected to occur with inhalation of vapors
from a volatile organic chemical mixture. This study characterizes RHOs related to the water
contamination using previously collected medical records associated with exposure from
emergency rooms across the affected area. Each case was coded for whether exposure could have
been work-related, for exposure pathways including the most likely route(s) of exposure and
point(s) of contact with contaminated water, and for the absence or presence of respiratory health
outcomes using pre-established criteria. Results show that one-third (34%, n=126) of all cases
(N=372) and nearly all work-related cases (n=7) also reported an RHO. Nearly half of all cases
(n=182, 49%) and over half of all RHO cases (n=66, 52%) were attributed with inhalation.
Flushing and ambient odor point of contact, which only comprised of only 16% of all cases, made
up nearly 30% of all RHO cases.
These results contribute additional health outcomes data to support previous studies that
indicate inhalation and the flushing intervention likely played a larger role in health effects
associated with the Elk River chemical leak than initially anticipated. Future research should be
geared towards better understanding the effects of flushing decontamination process on respiratory
health outcomes, whether or not health effects occurred disparately among the population, and
assessing the health effects of MCHM exposure among coal beneficiation plant workers. Future
public health interventions related to drinking water contamination events should be sure to
account for the potential inhalation and respiratory-related health effects.
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Section 2.2 Introduction
In January 2014, approximately 10,000 gallons of a crude mixture of 4-methylcyclohexane
methanol, a volatile organic chemical (VOC) (E. P. Agency; E. C. Company, 2011) used to process
coal (Y Thomas He, et al., 2015), was found leaking into West Virginia’s Elk River (Gupta, 2014)
approximately 1.5 miles upstream of the state’s largest drinking water-treatment plant (Osnos,
2014). The crude chemical mixture commonly referred to as “MCHM” is a solvent (Cui et al.,
2017), an irritant (E. C. Company, 2011), is very soluble (Medicine), has a very low odor threshold
(Gallagher, Phetxumphou, Smiley, & Dietrich, 2015) and has been described as smelling like
licorice (Gupta, 2014). Although we know now that it is a skin sensitizer and has developmental
effects, the adverse health effects to humans associated with exposure to MCHM was not well
understood at the time (A. Miller, et al., 2016). The chemical was not adequately tested for human
toxicity because no federal or state law requires such testing. Crude MCHM infiltrated the water
distribution system that services approximately 300,000 people (Board, 2017) across parts of ten
West Virginia counties (U. S. C. f. D. C. a. Prevention). The lack of clarity regarding the human
toxicity of the chemical resulted in uncertainties for disaster response teams in determining how
to best protect the public’s health. To do so required steps to characterize the chemical’s toxicity
and determine safe levels of exposure for the population in a timely manner (Centers for Disease
Control and Prevention, April 2014; Schade, et al., 2015) which added complexities to the disaster
management process.
The health uncertainties pertaining to MCHM prompted the governor to issue an order
banning use of water for everyone in the affected area. This meant that the public could not use
the water for any purposes other than flushing the toilet. Many people, however, used the water
during a week-long “Do Not Use” water ban (Burrer, et al., 2017) and immediately following the
ban (Centers for Disease Control and Prevention, April 2014; Schade, et al., 2015) potentially
exposing them to the leaked substance (Amanda E. Sain, et al., 2015). Upon request, the Centers
for Disease Control and Prevention (CDC) developed a “screening level” to assist the state of West
Virginia in determining what concentration of the chemical in the drinking water would be an
acceptable health risk (Frieden, 2014a). The screening level, which CDC acknowledged was
established with limited scientific data available to determine human health effects (Frieden,
2014b; A. Miller, et al., 2016), was 1 ppm for ingestion (C. f. D. C. a. Prevention, 2014e). The
level was considered to be protective of inhalation exposure but was not guaranteed (Frieden,
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2014a). The duration of exposure was initially expected to be acute (14 days) (Gupta, 2014).
Freedom Industries, the chemical company whose tank leaked, admitted 12 days after the initial
leak was reported that another chemical blend, stripped propylene glycol phenyl ether (PPH),
which included dipropylene glycol phenyl ethers (DiPPH), was part of the tank mixture (Aluise,
2014; Tierney, 2014; Ward Jr., 2014).
To end the week-long “Do Not Use” water ban, every establishment (homes, businesses,
school and hospitals) was required to flush the chemical through their plumbing in order to
decontaminate the entire water supply system (Water, 2014b). Upon flushing of the system,
officials declared the water adequate for use (Tierney MD JD, 2014; Water, 2014b). Many people
resumed most normal uses of the water, particularly showering and bathing (over 90% usage
reported), with the exception of drinking which only approximately 30-40% of the population had
resumed as of 3 months following the spill (Burrer, et al., 2017; Schade, et al., 2015). The smell
continued to linger in the water system for over a month (Mays, 2014c) and the chemical was
detected in the water system as late as March 22, 2014, nearly 3 months after the incident (Rosen
et al., 2014).
West Virginia’s Governor hired a team of independent scientific experts called the West
Virginia Testing Assessment Project (WVTAP) to conduct in-home water testing and evaluate the
safety factor of MCHM (Virginia, 2014). Their risk assessment of available MCHM toxicological
data, which used different assumptions than CDC, found that the screening level set by CDC
should have been lower and accounted for inhalation (Ward Jr, 2014a) and skin exposure, a
subacute exposure period (28-days instead of a 14-day acute period) and formula-fed infants rather
than small children (Rosen, et al., 2014; A. J. Whelton, et al., 2017b). Other studies conducted in
the aftermath of the event shed new light on the chemical’s volatility that indicated increased
MCHM toxicity at hotter temperatures (Amanda E. Sain, et al., 2015; A. J. Whelton, et al., 2015)
such as those encountered during a standard hot shower. Residents were likely exposed by
inhalation to levels that exceeded the exposure screening limit established by the CDC during
showering (Omur-Ozbek, et al., 2016; Amanda E. Sain, et al., 2015) and for longer after the
flushing period than anticipated (Cozzarelli, et al., 2017; Expert Panel: Michael, et al.; Water,
2014d, 2014e; A. J. Whelton, et al., 2015; A. J. Whelton, et al., 2017b). This finding is similar to
other environmental sampling and biomonitoring studies on trihalomethanes, a similar VOC, in
drinking water that determined positive associations between inhalation exposure and tap water-
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use activities such as drinking, washing laundry or dishes, but primarily showering and bathing
(Gordon et al., 2006; Nuckols et al., 2005). D. L. Gallagher, K. Phetxumphou, and A. M. Dietrich
(2018) positively determined that inhalation of MCHM contaminated water were probably a
significant route of exposure during the 2014 Elk River chemical leak. Inhalation of volatile
organic chemicals, particularly in the area impacted by this leak, are associated with adverse
respiratory health outcomes (Ware et al., 1993).
These studies provide an important contextual explanation for the peak in emergency room
visits following the initiation of the incremental decontamination process (Gupta, 2014; W. V. B.
f. P. Health & Registry, 2014; A. J. Whelton, et al., 2015) which began on January 13th and
concluded on January 18th, but they are not currently supplemented with respiratory health
outcomes data. E. D. Thomasson, Scharman, Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu,
Scott, Wilson, Haddy, Pizon, Burrer, et al. (2017) conducted an acute health outcomes assessment
of the water contamination event using medical records from local emergency departments, poison
control center calls, and a community survey (i.e. Community Assessment for Public Health
Emergency Response (CASPER)). While this study does report on some respiratory symptoms,
the emergency room records were analyzed specifically for outcomes related to the effects on red
blood cells, and on liver and kidney function. Their analysis did not fully characterize respiratory
health outcomes, which is our main objective. The purpose of our study is to provide a more
complete description of respiratory health outcomes (RHOs) associated with the Elk River
chemical leak. We hypothesize that RHOs and inhalation exposure are more prominent among
emergency room (ER) cases classified with MCHM exposure than previously revealed in the peerreviewed literature.
Section 2.3 Methods
2.3.1 Sample
We used de-identified medical records collected initially by the Centers for Disease
Control (CDC) and the Agency for Toxic Substances and Disease Registry (ATSDR) to conduct
their Assessment of Chemical Exposure (ACE) Investigation. Through a data agreement, we
obtained the data in digital format from the West Virginia Bureau for Public Health (WVBPH),
Office of Epidemiology and Prevention Services, Division of Infectious Disease Epidemiology
and the CDC Division of Viral Hepatitis.
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CDC/ATSDR and WVBPH collected this data from emergency department records for the
period of January 9 through January 23, 2014 at ten area hospitals affected by the Elk River
chemical leak. The time period reflects the 15 days immediately following the reported MCHM
exposure. The data was captured on an adapted version ACE’s Medical Abstraction Form. Data
variables included patient demographics, medical history, reported symptoms, test outcomes,
diagnoses, and treatment received. These variables are listed in Table A1 (Appendix A). All
records analyzed were associated with exposure to the Elk River chemical leak as previously
described by Thomasson et al. (2017). Case definitions to classify reported MCHM exposure were
used by the 10 emergency departments required to report to WVBPH. All 10 emergency
departments included patients that had reported MCHM exposure. However, these varied across
emergency department. Four emergency departments used slightly different criteria. Three of
these included patients “who reported certain symptoms but did not mention MCHM exposure”
while the other “included any patient who was in the affected area on the day of the chemical spill”
(E. D. Thomasson, Scharman, Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson,
Haddy, Pizon, L Burrer, et al., 2017). These criteria resulted in 584 medical records for people
who potentially had health effects associated with the leak.
Upon examination, CDC/ATSDR and WVBPH applied additional exclusion criteria.
Records were only included for analysis if 1) they were seen by a doctor (n=41 excluded), 2)
exposure was reported (n=110 excluded), 3) an alternate diagnosis was not more likely to be
related to the symptoms (n=45 excluded), 4) if patients were symptomatic (n=3 excluded), and 5)
if there were not records of repeat visits by a patient who had already been seen in the emergency
room related to the Elk River leak (n=16 excluded). These criteria had already been applied to the
de-identified data set provided to us by CDC/ATSDR and WVBPH which contained 372 records.
It contained three additional records than they analyzed (E. D. Thomasson, Scharman, FechterLeggett, Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy, Pizon, L Burrer, et al., 2017). No
explanation was provided for the additional cases (E. Thomasson, 2019). In the data set we
obtained, the CDC/ATSDR and WVBPH included variables for route of exposure and type of
exposure. We adopted our own classification system that is described below. West Virginia
University’s Institutional Review Board determined that this study did not meet the definition of
human subject research (protocol #1906618039). Variables available in the dataset are listed in
Table 1 (Appendix A).
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2.3.2 Sample Classification
The main outcomes of interest for this study was the presence or absence of a respiratory
health outcome. Respiratory health outcomes (RHOs) were identified by searching for symptoms
and diagnoses in fields describing the chief complaint, additional explanatory details, respiratory
or general comments, and in both the primary or secondary diagnosis fields. An RHO was
prescribed to a case if at least one symptom or diagnosis in any of these fields contained a
respiratory health outcome. Some cases reported multiple RHOs, although we do analyze for this
particular variable.
We coded the data based on the branch of the respiratory tract affected, that is lower or
upper respiratory system. Lower respiratory health outcomes were 1) asthma or asthmatic
bronchitis; 2) trouble or difficulty breathing, breathing problems, shortness of breath, wheezing;
3) bronchitis, bronchiolitis, bronchial spasm, chest burning or tightness, lung burning or irritation,
pneumonia, chemical pneumonia, or pneumonitis; 4) COPD; 5) Cough; 6) respiratory distress,
respiratory failure, respiratory irritation or denoting lower respiratory area affected.
Upper respiratory health outcomes were 1) inhalation; 2) respiratory infection or upper
respiratory tract affected; 3) sinus pain, sinusitis, rhinitis, rhinorrhea, sneezing, congestion
(general), nose or nasal bleeding, burning, congestion, irritation, or runniness; 4) tongue or throat
soreness, burning, irritation, itching, pain, or swelling, hoarseness, pharyngitis, difficulty
swallowing, or gagging or choking.
Each symptom/diagnosis was described as absence or presence. Each case may have
reported more than one symptom or diagnosis attributed to a lower or upper RHO. These
symptoms/diagnoses were all described individually. A lower or upper RHO was defined as
present if one or more symptom or diagnosis was present.
Cases where symptoms or diagnoses did not include one of these characteristics were
classified as not having a respiratory health outcome. This classification system is outlined in
Table A2 (Appendix A).
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2.3.3 Measures
Independent variables used to describe the dataset were 1) whether or not the case was
work-related, 2) routes of exposure attributed to the case, and 3) points of contact with
contaminated water.
A case was defined as work-related if any fields in the dataset indicated presence or absence
of the characteristic.
In the data set provided by CDC/ATSDR and WVBPH were variables for routes of
exposure (direct contact with skin or mucous membranes [skin contact], ingestion, inhalation,
other exposure, exposure not otherwise specified “NOS”, or no exposure) and types of exposure
(shower, bathing, bath, brush teeth, flushed). Some insight was provided on how these variables
were defined in the notes of a PowerPoint reporting on the medical chart review generously
provided to us separately by CDC/ATSDR and WVBPH (E. Thomasson, Ibrahim, Bixler, Hsu, &
Duncan). However, we adopted our own criteria. We classified routes of exposure variable as
ingestion, skin contact, inhalation, NOS, other or no exposure. These variables were prescribed
as present when they were denoted at least once in the data set variables for chief complaint,
additional exposure details, primary or secondary diagnosis. Where no clear route of exposure
was identified, it was captured as not otherwise specified (NOS) rather than no exposure since all
of the cases in the dataset we received were classified as exposure-related. While multiple routes
of exposure could be attributed to one case, we did not describe this information. Routes of
exposure were also characterized as they pertained to the points of contact described below.
We created a variable called “points of contact” to classify ways in which a person reported
coming into contact with or was exposed to the contaminated tap water (i.e. their water-use
activities). We defined these criteria by outlining the points of contact described in each case. In
total there were 14 possible points of contact. These included showering, bathing, taking a bath,
ambient odor, flushing, drinking and eating, washing clothes (or “laundry”), washing dishes,
brushing teeth, cooking, cleaning, washing face, washing hands, and preparing food or beverages.
We created three additional classification options for the points of contact variable. We
combined showering, bathing and bath to create a category called “shower combo” assuming that
each of these experiences would have similarly experienced immersion in heated water in a
confined space for approximately 15 minutes. We combined ambient odor and flushing to create
a category called “flush combo” in correspondence to how we perceived that CDC/ATSDR and
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WCBPH defined their flushing variable. We combined washing clothes (or “laundry”), washing
dishes, brushing teeth, cooking, cleaning, washing face, washing hands, and preparing food or
beverages into one variable called “other” since each category contained less than 25 counts.
Point of exposure influenced our route of exposure classification system making the two
categories interdependent. Flushing and ambient odor points were all classified as an inhalation
exposure. Brushing teeth was characterized as a skin contact. If someone identified shower, bath,
or bathing as their points of contact, they were automatically classified as having both a dermal
contact and inhalation. Many of the points of contact concatenated in the “other” category have
also been identified in previous studies on drinking water contamination as potential sources of
inhalation exposure (Gordon, et al., 2006; Nuckols, et al., 2005). For this study, however, we
conservatively attributed all of these activities to skin exposure besides cooking, drinking or eating,
food/beverage prep which were attributed to ingestion exposure. Where multiple points of contact
occurred, all appropriate routes of exposure were attributed to the case, although no variables
related to multiple points of contact were assessed. The classification system for route of exposure
and points of contact with contaminated water (herein abbreviated as “points of contact”) is listed
in Table A3 (Appendix A).
Data were cleaned and coded using Microsoft Excel for Mac (version 16.31) and analyzed
using R version 3.6.2 (R Foundation for Statistical Computing) (Team, 2017).

2.3.4 Data Analysis
A descriptive analysis was conducted to characterize the respiratory health outcomes
attributed to MCHM water contamination exposure. Data were also identified as whether or not
the exposure was work-related, by the routes of exposure, and by the points of contact with the
water.

Section 2.4 Results
There were 372 cases of individuals who were affected by the Elk River chemical leak and
visited one of 10 emergency departments between January 9 to 23, 2014. Table 1 shows that onethird of all ER cases (n=126, 34%) also reported adverse respiratory health outcomes (RHO) and
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that, although more cases are attributed to skin contact overall, over half of all RHO cases are
attributed to inhalation exposure (n=66, 52%). Nearly 30% of all RHO cases reported flush combo
(n=37), the second most frequently reported point of contact after drinking and eating, and 26%
(n=33) of all shower combo cases (n=139) were attributed to RHOs. Seven out of eight workrelated cases reported an RHO, all of which were attributed to inhalation route of exposure. Flush
combo (n=5) was the point of contact most frequently reported among work-related RHOs.
Table 1. Descriptive Results of Respiratory Health Outcomes by Routes of Exposure and Points
of Contact
Respiratory Health Outcomes (RHO)
Total
Cases

Lower
RHOs

Total RHOs

Upper
RHOs

Work-Related (WR)
Total WR

WR RHOs

N

%6

N

%1

N

%2

N

%2

N

%7

N

%4

Skin Contact

186

50%

49

39%

25

51%

31

63%

2

25%

1

14%

Ingestion

155

42%

52

41%

23

44%

41

79%

-

-

-

-

Inhalation

182

49%

66

52%

36

55%

48

73%

8

100%

7

100%

5

NOS /Other
Points of Contact

41

11%

15

12%

9

60%

12

80%

-

-

-

-

Shower Combo

139

37%

33

26%

17

52%

20

61%

-

-

-

-

Flush Combo

59

16%

37

29%

21

57%

30

81%

6

75%

5

71%

Drinking/Eating

149

40%

50

40%

21

42%

40

80%

-

-

-

-

39
68
372

10%
18%
-

16
19
126

13%
15%
34%6

9
10
71

56%
53%
56%1

13
13
92

81%
68%
73%1

3
8

38%
2%6

2
7

29%
88%7

Routes of Exposure

5

NOS
Other
Total Cases
1

% of Total RHOs (n=126) unless otherwise indicated

2

% of row Total RHOs unless otherwise indicated

3

% Total Work-Related (n=8)

4

% Total Work-Related RHOs (n=7) unless otherwise indicated

5

NOS = Not Otherwise Specified

6

% Total Cases (n=372)

7

% Total Work-Related Cases (n=8)

Of all RHO cases, 56% (n=71) were outcomes attributed to the lower respiratory tract.
Breath-related outcomes such as shortness of breath, wheezing and difficulty breathing were most
frequently reported (n=44, 35%) followed by coughing (n=30, 24%) and bronchial related issues
such as bronchitis, pneumonia, chest tightness, lung burning (n=26, 21%). These categories in the
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order listed consistently made up the greatest percentage of lower RHOs across all routes of
exposure except for ingestion which had the same number of cough and bronchial-related
outcomes. Six out of 14 asthma-related cases are attributed to flush combo, higher than any other
point of contact.

Five work-related cases were attributed to lower RHOs including

dyspnea/shortness of breath (n=4), cough (n=4), and bronchitis (n=3).
Of all RHO cases, 73% (n=92) were outcomes attributed to the upper respiratory tract.
Upper RHOs of the throat were most frequently reported (n=61, 48%) including sore throat,
pharyngitis, throat burning. Sinus-related issues such as congestion, runny nose, rhinorrhea
comprised of 33% of upper RHOs (n=42). These categories consistently made up the greatest
percentage of upper RHO cases among all routes of exposure and points of contact. Six workrelated cases were attributed to upper RHOs including congestion (n=3), sore throat (n=2),
rhinorrhea (n=2).
Additional breakdowns by individual symptoms/diagnoses of the upper and lower
respiratory tracts by routes of exposure and points of contact are reported in Tables A4-A7
(Appendix A).

Section 2.5 Discussion
Previous analysis of the same dataset identified 15% of cases (n=54 out of 369) with
reported inhalation exposure. In the results presented here, we classified 49% of cases (n=182 out
of 372) as having inhalation route of exposure. This variance is likely due to methodological
differences. One notable distinction between these two analyses is that we classified all shower
combo cases as having both skin contact and inhalation routes of exposure to whereas CDC mainly
classified these cases a having direct contact with skin or mucous membrane (Pupo, Ku, &
Gallagher, 2019; Pupo Amaury, 2019). The difference between these two analyses merits further
comparative analysis.
In the results presented here, the highest number of cases with RHOs (n=50, 40%) were
related to drinking and eating water-use activities. This finding could be related to a sensitivity
reaction associated with inhalation of vapor fumes in the process of drinking and eating heated
food or beverages. It could also be a result of misclassification. The oropharyngeal tract is a space
shared by both the respiratory and digestive tracts. In our study, we attribute health effects
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associated with the oropharyngeal tract as being associated with an RHO when, for example, throat
irritation could also have occurred as a result of eating or drinking a substance contaminated by
the leaked chemical. These results could also indicate a case having multiple points of contact.
Our study reports higher rates of respiratory health outcomes (n=34%, n=126) among ER
visits related to exposure than reported by the CASPER (16.1%, n=6) (Centers for Disease Control
and Prevention, April 2014). This could be related a number of reasons including reporting bias
of household survey respondents, selection bias from case definition of exposure-related ER visits,
or it could be related to inclusion criteria for ER cases. Water use during this “Do Not Use” period
could have exposed people to concentrations above the CDC screening level and could have
explained a number of the cases we see in this dataset. It is unclear from the household surveys
which uses of the water were attributable to emergency room visits.
The lifting of the Do Not Use (DNU) order, a process involving flushing the water
contaminant through each establishment at both cold and heated temperatures at every faucet
(Water, 2014b), began on January 13th, four days after the leak was identified. Neither the flushing
intervention nor smelling MCHM in the air were expected to produce adverse health outcomes
(Tierney MD JD, 2014; Water, 2014b). However, this flush combo represents nearly 30% of all
RHOs (n=37), higher than any point of contact other than drinking/eating, even though the flushing
only accounts for 11 out of the 15 days analyzed in this dataset. This suggests that the health
effects associated with the flushing may be washed out in the current analysis and warrants closer
investigation.
Previous analyses of this data indicated bathing, showering or other skin contact as the
most common ways that people were exposed to contaminated water (W. V. B. f. P. Health &
Registry, 2014). The results presented here separate routes of exposure and points of contact to
clarify the routes of entry into the body (route of entry) and the activities being performed at the
time of exposure (points of contact). We describe showering and bathing, or shower combo, as a
point of contact to indicate the water-use activity associated with exposure. This distinction may
represent some of the methodological differences attributable to results differing with WVBPH
and ATSDR’s report on the same dataset. Shower combo comprises of the third most frequently
occurring point of contact among RHO cases (n=33, 26.2%) in the current study. Given the results
of previous studies that indicate inhalation levels of the chemical exceeded the protective screening
level of 1 ppm in a 15-minute hot shower after the Do Not Use ban was lifted (Omur-Ozbek, et
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al., 2016; Amanda E. Sain, et al., 2015), shower combo-related visits would logically follow. Since
more of the population reported using the water for showering/bathing purposes waiting after the
DNU was lifted versus before (Centers for Disease Control and Prevention, April 2014), we would
expect to see those cases trickle in on January 13th as the flushing decontamination process began
and the DNU began to be lifted and people began to resume normal water use activities. However,
since the DNU was lifted only after concentrations of the chemical in the water had reduced below
the 1 ppm CDC screening level for ingestion (C. f. D. C. a. Prevention, 2014e), it follows that
those who used the water, particularly for shower combo uses during the DNU could have been
exposed to higher levels (the highest publicly reported concentration of treated water was 4.6 ppm
taken immediately after the leak (Board, 2017)). This supports further investigation related to
shower combo water use activities, RHOs, and timing of reported exposures.
In this study, we see RHOs that could indicate allergic reaction or irritation of both upper
and lower airways mediated by an inflammatory response, such as asthma, of which there are 14
cases. This could be the result of inhalation of chemical irritants or due to a systemic immune
reaction from another route of exposure. Either way, these results differ from what would be
expected from the human airway study conducted by the National Toxicology Program (NTP)
(Gwinn, Bousquet, Perry, Urbano, & Auerbach, 2018) which found a statistically insignificant
elevation of inflammatory biomarkers. This difference could be attributed to a number of reasons
including health differences within the affected population versus the donor cells (a healthy, white,
non-smoking male) sampled by NTP, misclassification of exposure, recall bias or misdiagnosis.
A systemic immune reaction may be why we see RHOs attributed to the ingestion route of
exposure. Other reasons for this include that a case with an RHO could also have non-RHO related
symptoms or diagnoses primarily attributable to a non-inhalation route of exposure.
Incidence and prevalence of COPD and asthma among ER visits were not assessed in this
study. Future studies should consider additional analysis of health disparities associated with this
dataset given that respiratory disease, specifically COPD and asthma, occur disparately among
socially marginalized populations, particularly in low-income communities and communities of
color and exceedingly so in West Virginia (M. D. Eisner et al., 2011; Pleasants, Riley, & Mannino,
2016; C. f. D. C. a. Prevention, 2014a).
Analysis of work-related cases was limited to whether or not work-related cases were
associated with an RHO and the rate of associated RHOs among the dataset. Neither job tasks
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being performed during exposure nor line of work were well documented in the medical records
making it difficult to further describe. It is possible that this dataset included more work-related
cases than described but did not identify them as such. This inconsistency in reporting makes it
difficult to ascertain the true health effects of work-related exposure but provides a basis upon
which future studies should expand. Further investigation on this topic, particularly health effects
of MCHM exposure on the vulnerable population of coal beneficiation plant workers, is warranted
given that they are more likely to experience elevated ambient temperatures of the chemical in
closed conditions (Y. T. He, A. Noble, & P. Ziemkiewicz, 2015) over durations longer than a
standard hot shower and for longer periods.
Limitations associated with this dataset have been reported previously (E. D. Thomasson,
Scharman, Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy, Pizon, S, et al.,
2017). The results presented here that differ from previous analysis of this dataset (W. V. B. f. P.
Health & Registry, 2014; E. Thomasson, Ibrahim, Bixler, Hsu, & Duncan; E. D. Thomasson,
Scharman, Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy, Pizon, L Burrer,
et al., 2017) are likely attributable to methodological differences. This study is a descriptive in
nature and is not intended to infer causation. Similarly, these results may not be generalizable
among the affected population. There was no systematic surveillance in place to uniformly
document exposure across the affected area, therefore records included in this analysis are only
ones where patients self-reported exposure or doctors reported exposure to the chemical. This
would result in a misestimation of effect. It is possible that the three additional cases we received
were misclassified as being exposure-related when they were not or that they were repeat visits
when they were classified as only having been seen once by a doctor for the same medical
concerns. Likewise, it is possible that RHOs as described could be non-exposure related; however,
health officials reviewing these cases excluded cases they suspected attributable to another
diagnosis (E. D. Thomasson, Scharman, Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott,
Wilson, Haddy, Pizon, S, et al., 2017). Given that the inclusion criteria require that all cases must
report MCHM exposure, it is likely that the effect of this dataset underestimates the effect of
exposure that occurred but was not reported as such. Investigators were not provided access to all
584 records retrieved in the ACE investigation and were therefore unable to apply alternative
exclusion criteria.
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Selection bias could have occurred as a result of different application of exposure case
definition across hospitals reporting their cases of exposure to WVBPH as previously reported (E.
D. Thomasson, Scharman, Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy,
Pizon, S, et al., 2017). Likewise, previous household studies indicated that those who sought
medical care related to an illness they associated with the leak may have sought care with a primary
care physician (14-45%) or an urgent care center (2.3-25%) as opposed to a hospital emergency
room (Centers for Disease Control and Prevention, April 2014; Schade, et al., 2015). This suggests
that the sample analyzed here only makes up a portion of the cases related to exposure.
Other selection bias would come from the fact that the timeframe of this dataset
incompletely reflects all acute or chronic health effects, particularly RHOs, associated with the
2014 Elk River water contamination. Delayed onset of symptoms or disease presenting after the
acute (two week) period could not be analyzed with these data. Respiratory diseases such as
asthma and COPD can be triggered even at low level or ongoing exposure to triggers for some
populations (DeVries, Kriebel, & Sama, 2016; Institute; Registry). Low-levels of the chemical
were detected the drinking water supply between one month to nearly 3 months after the leak
(Foreman, et al., 2015; Rosen, et al., 2014; A. J. Whelton, McMillan, Novy, White, & Huang,
2017a) indicting potentially intermediate length (>14 days) exposure duration (Registry) of the
chemical at low-levels (see Figure A1, Appendix A). Likewise, illness and medical care associated
with exposure were publicly reported into February (Mays & Gutman, 2014), so RHOs associated
with exposure to the water contamination may not have been limited to the acute 2-week period
following the leak.
Differential information bias could come from differences in hospital information
collection practices, misdiagnosis attributable hospital practice (e.g. classifying a diagnosis as
“chemical exposure” versus “pneumonia”, etc.). Nondifferential information bias could have
resulted from analytical error, medical record transcription, or recall bias from individuals
reporting incomplete information.
Strengths of this study include that the data source was previously analyzed by reputable
sources to describe acute health effects. The current study provides a deeper look that elucidates
the effectiveness of public health interventions not undertaken by other studies.
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Section 2.6 Conclusions
Our hypothesis that RHOs and inhalation exposure are more prominent among emergency
room (ER) cases classified with MCHM exposure than previously revealed in the peer-reviewed
literature is supported by the results of our descriptive analysis which show that RHOs account for
one-third of all cases and that inhalation exposure is attributed to almost half of all cases. These
results contribute health outcomes data to support previous air modeling studies that indicate
inhalation played a larger role in health effects associated with the Elk River chemical leak than
initially anticipated.
Although odors from the flushing process were not anticipated to be associated with health
effects by officials (Tierney MD JD, 2014; Water, 2014b), this study shows that the flush combo
make up the most commonly reported point of water contact (29%, n=37) aside from drinking and
eating. This indicates that health effects associated with the flushing intervention are likely
underestimated in previous health outcomes studies associated with the leak and warrant focused
investigation. It also suggests that public health intervention strategies were insufficient for
protecting all of the population affected. Future public health interventions related to drinking
water contamination events should be sure to account for the potential inhalation and respiratoryrelated health effects.
Given that respiratory disease occurs disproportionately among the population
(Schraufnagel et al., 2013), additional studies should elucidate health disparities attributed to the
Elk River chemical leak by demographically characterizing respiratory health outcomes overall
and according to the timing of their occurrence. This would further assist in assessing intervention
effectiveness, particularly related to the flushing procedure, for socially marginalized populations.
Our data support previous health outcomes research that demonstrate adverse acute health
effects among MCHM reported exposures from the Elk River chemical leak. Preventing disasters
is the only true way to prevent adverse health effects from a large-scale drinking water
contamination. This can be better accomplished by the implementation of local, state and federal
above-ground storage tank laws and by adopting chemical release prevention programs such as the
one suggested by the U.S. Chemical Safety and Hazardous Investigation Board to the KanawhaCharleston Health Department and State of West Virginia following the 2008 Bayer CropScience
explosion (United States Chemical Safety and Hazard Investigation, 2011).
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The ability of the public health field to truly assess the health effects associated with this
leak and other chemical and environmental disasters is significantly compromised by lack of
systematic surveillance and medical monitoring of the affected population. The results presented
here are predominantly acute in nature and may not accurately reflect how exposure to MCHM
may affect health in the long term. Given that this is the largest cohort of human exposures to
MCHM ever reported (Scharman & Pizon, 2014) and our still limited understanding of the human
health effects associated with leaked chemical mixture, medical monitoring of the population and
long-term studies are warranted.
Although our study only describes eight reported work-related cases, all of these cases
reported inhalation exposure, and seven of them reported RHOs. Future research should be geared
towards understanding the health effects of MCHM exposure among coal beneficiation plant
workers as they are more likely to experience elevated ambient temperatures of the chemical in
closed conditions (Y. T. He, et al., 2015) for durations longer than what it took to produce
hazardous ambient concentrations of MCHM during the Elk River chemical leak (Omur-Ozbek,
et al., 2016; A. E. Sain, A. M. Dietrich, E. Smiley, & D. L. Gallagher, 2015b).
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Chapter 3 Characterizing the Effects of a Public Health Intervention on Reported Respiratory
Health Outcomes and Pathways in Exposure-Related Emergency Room Visits from the 2014
West Virginia Elk River Chemical Leak and Drinking Water Contamination
Section 3.1 Abstract
This study builds upon previous studies to fill gaps in the literature on health effects
following a 2014 large-scale drinking water contamination in West Virginia by a volatile organic
chemical mixture with sparsely available health data. Air modeling studies conducted in the
aftermath of the event indicated that ambient concentrations of MCHM exceeding the protective
health screening level were produced during the flushing intervention (Omur-Ozbek, et al., 2016)
and during hot showers for weeks after the Do Not Use water ban was lifted (Amanda E. Sain, et
al., 2015). Exposure to many volatile organic solvents may produce adverse respiratory health
outcomes through differing routes of exposure (Nuckols, et al., 2005; Redlich, 2010; Weisel & Jo,
1996). This study examines the effect of the flushing intervention on respiratory health outcomes
(RHO) using medical records from emergency room visits (N=372) in the affected area with
reported exposure to the water contamination. Poisson regression was used to compare counts and
rates of RHOs between the days prior to the flushing intervention (January 9-12) and the days after
flushing began (January 13-23, 2014). Interactions with routes of exposure and points of contact
were also analyzed. After the flushing began there were more overall RHOs and more RHOs
attributed to inhalation exposure and flushing and ambient odor than any other exposure pathway.
Likewise, our two-day analysis showed significantly higher rates of RHO cases attributed to
inhalation and flushing and ambient odors exposure pathways after the flushing began. These
results suggest that the flushing intervention may have led to increased cases of RHOs among
population affected, particularly by inhalation exposure, though further studies are needed. This
research provides health outcomes data to support previous air modeling studies of exposure to the
Elk River chemical leak and could have bearing on future public health interventions of drinking
water contaminants. Further studies are necessary to determine whether these effects occurred
disparately among the population, if they differ from normal trends among ER visit trends in the
affected area.

Occupational exposure studies should be conducted, particularly in coal

beneficiation settings with ambient inhalation exposure potential to MCHM exists at elevated
temperatures.
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Section 3.2 Introduction
In Chapter 2, we discussed the background of the 2014 West Virginia Elk River chemical
leak and drinking water contamination and research conducted in its aftermath. We characterized
the respiratory health outcomes (RHOs) and attributable exposure pathways and found that
inhalation and contact with the flushing process likely played a larger role in RHOs than originally
anticipated, and than previously reported in the literature. In this Chapter, we further investigate
the public health intervention intended to decontaminate the water supply on RHOs among
emergency room (ER) visits with reported exposure to water contamination. The remainder of
this section is dedicated to providing additional details on the flushing intervention and persistence
of MCHM in the tap water as background for our case study exploration of the effects of the
flushing intervention on RHOs.

3.2.1 Flushing
To end the week-long “Do Not Use” water ban, every establishment (homes, businesses,
school and hospitals) was required to flush the chemical through their plumbing in order to
decontaminate the entire water supply system (Water, 2014b). Although the Safety Data Sheet
(SDS) cautioned for inhalation hazards with statements such as “AT ELEVATED
TEMPERATURES, VAPOR MAY CAUSE IRRITATION OF EYES AND RESPIRATORY
TRACT” (E. C. Company, 2011), flushing instructions from the West Virginia American Water
Company (WVAW) failed to provide guidance to the public about possible health risk from
inhalation or elevated temperatures. The private water utility instructed the public to flush cold
water through every faucet for 5 minutes, and hot water for 15 minutes. The flushing instructions
also noted that, “any lingering smell, which is expected, is not a health issue” (Water, 2014b). The
American Federation of Teachers provided additional guidance to school personnel which
included safety precautions to protect against skin and inhalation exposure (Teachers, 2014).
Flushing instructions provided to schools by the State Commissioner and State Health Officer for
the West Virginia Bureau for Public Health (BPH) suggested measures to protect against inhalation
exposure but also stated that there was “no toxicity was related to the smell associated with this
substance, though it may be annoying” and that “if you smell licorice, use caution but don’t
panic…The smell will dissipate quickly” (Tierney MD JD, 2014).

Alternative flushing
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instructions were provided for septic system users by the WV Department of Health and Human
Resources (Casteloes, et al., 2015) which still required 15-minutes of hot water flushing at all
faucets with “all hot water faucets [open] simultaneously for the final two minutes”. No additional
health protective guidance was provided (Resources, 2014).
In order for the flushing process to begin, officials determined that samples of the water
exiting the water treatment facility should be at concentrations lower than the 1 ppm ingestion
screening level set by the CDC (Markham, Gianato, & Hoyer, January 9, 2015) for at least 24
hours (Molenda, Ward Jr, Gutman, & White, 2014). Once these criteria were met, the flushing
intervention was implemented incrementally over one week across more than 100 pressure zones
within the affected area (Water, 2014c; A. J. Whelton, et al., 2015). After the prescribed flushing
was complete in a zone, the water utility analyzed water samples to ensure that the 1 ppm threshold
had not been exceeded. In a communications document describing the process of lifting the water
ban, WVAW indicated that they “need to confirm acceptable results within each pressure zone
before the Do Not Use ban [(DNU)] can be lifted, which determines the sequence and location of
the lift areas.” (Water, 2014c). This methodical approach was prescribed by the water utility to
ensure adequate water flow through the system that the water supply system was not overwhelmed
by demand (Staff, 2014; Water, 2014c). This process occurred over a timeframe of approximately
1 week to prevent overwhelming the water system (Constantino, 2014b). Figure 1 shows the
flushing timeline and the variables for how we analyzed it.
Flushing began on January 13 at 10:15am (Staff, 2014) “in downtown Charleston and in
priority zones containing four major hospitals” (Markham, et al., January 9, 2015) and the West
Virginia State Capitol Complex. From there, the lifting of the DNU ban extended outwards and
did not reach most rural areas farthest away from the Charleston epicenter for days. Table B1
(Appendix B) shows the order by which the DNU order was lifted.
By January 15th, multiple zones in the more “urban” area immediately surrounding
Charleston metropolis, at least half of all WVAW’s customers (Water, 2014a), had been cleared
for water use. It was that day that the CDC advised the West Virginia Department of Health and
Human Services (WVDHHR) that:
“due to the limited availability of data, and out of an abundance of
caution, you may wish to consider an alternative drinking water
source for pregnant women until the chemical is at non-detectable
levels in the water distribution system” (Frieden, 2014b).
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By January 18, all areas affected by the leak were cleared for water use as per CDC’s 1
ppm health screening level for ingestion (Markham, et al., January 9, 2015; Rosen, et al., 2014),
and many people resumed using the water.
Although this flushing procedure was reviewed by public health officials (A. J. Whelton,
et al., 2015), it was not properly examined to determine if it would be effective as a public health
exposure intervention. Between January 18 to 22, 2014, Dr. Andrew Whelton and his team of
researchers from University of South Alabama, who had recently traveled to West Virginia to help
affected residents, conducted residential water sampling in 16 affected homes to assess plumbing
decontamination effectiveness and tap water quality (Ward Jr, 2014b; A. J. Whelton, et al., 2015).
Results of their research showed that the intervention was not entirely effective in immediately
eliminating the chemical from the drinking water supply as intended. The flushing did not reduce
MCHM concentration in tap water in all homes sampled the week following the lifting of the Do
Not Use water ban, and almost half of the residences had not yet complied with the flushing order.
Their results were congruent with other studies including the one conducted by the West Virginia
Testing Assessment Project (WVTAP), an independent scientific research team hired by West
Virginia’s Governor to conduct in-home sampling in 10 homes, that found detectable levels of
MCHM in residential tap water one month after the leak was detected (Casteloes, et al., 2015;
Rosen, et al., 2014; Tomblin, 2014b; A. J. Whelton, et al., 2015).
Whelton et al. (2015), like WVTAP, also found that residents continued to smell a sweet
or licorice odor in tap water after flushing. This lingering odor prompted some residents to flush
their water supply multiple times, more than prescribed by the original flushing protocol (Gitney,
2014; Tomblin, 2014c). According to affected resident, Anoa Changa, “We let all our taps run for
20 minutes, and ran dishwashers and washing machines…But we still smelled licorice or got sick.
So we kept reflushing our pipes” (Gitney, 2014). Casteloes, et al. (2015) conducted a study
modeling the flushing decontamination of a hot water heater in two-story single-family home and
a manufactured home after exposure to the Elk River chemical leak. Although they did not assess
multi-unit residences, they found that 4-MCHM was not reduced below the Center for Disease
Control’s (CDC) health screening limit in over 10% of the flushing scenarios examined in both a
manufactured home and a two-story single-family home. More than one year after the leak,
independent researchers conducted an indoor air study that followed the WVAW flushing protocol.
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Just one round of flushing produced ambient concentrations of MCHM that were hazardous for
inhalation (Omur-Ozbek, et al., 2016).

3.2.2 MCHM Persistence in the Tap Water
According to WVTAP, “The ability of the expert human nose to detect this compound is
far greater than any analytical method available today.” They discerned that the odor threshold
concentration for crude MCHM was likely less than 0.15 ppb, which is far lower than the shortterm health screening level of 1 ppm set by CDC and even below the 10 ppb screening level
established by the State of West Virginia (Rosen, et al., 2014) “on or about January 17” for
additional protective measure (Markham, et al., January 9, 2015). Ongoing odors that residents
reported lingering in the water system after the flushing (Boucher, 2014; Gitney, 2014; Gutman,
2014; Tomblin, 2014a) served as an indication of the prolonged presence of the chemical in the
drinking water supply (D. L. Gallagher, et al., 2018).
Residents were not the only ones to report ongoing odors in the water supply. Multiple
schools across the impacted region registered odor complaints as late as February 24 (Mays,
2014c) that prompted early dismissal for at least six schools in early to mid-February including
Riverside High School, and Grandview, Midland Trail, Overbrook, Watts an J.E. Robins
Elementary schools (Constantino, 2014a; Maunz, 2014; Mays, 2014b; Mays & Gutman, 2014).
Local journalists documented accounts of students, staff and teachers who described symptoms of
illness including headaches, dizziness, burning eyes and nostrils, faintness, lightheaded and nausea
(Constantino, 2014a; Mays, 2014b) all of which “were from breathing the licorice-scented air, not
from contact with, or ingestion of, the water” (Gutman & Mays, 2014b). At least one student was
taken to the hospital as was a teacher after fainting (Constantino & Maunz, 2014). Cooks from
more than one school reported feeling sickened following re-flushing procedures that occurred
while school as in session. “J.E. Robins cook Nicole Carte said she turned the dishwasher on and
ran hot water in the cafeteria sinks, like she has been told to do each morning, and the licorice
smell was instantly detectable” (Gutman & Mays, 2014b; Mays, 2014b). These odor complaints
and reported illnesses came after a second round of flushing was implemented to achieve the more
stringent 10 ppb screening level set by the State of West Virginia. The second wave of flushing
was in response to MCHM concentrations detected by the National Guard in the tap water supply

35
as late as February 11 in five schools across three counties including George Washington High
School, John Adams Middle School, and Andrew Heights Elementary School in Kanawha County,
Buffalo High School in Putnam County, and Lincoln County High School (Gutman & Mays,
2014a, 2014b; Mays, 2014a; Raby, 2014; Tomblin, 2014b). MCHM was detected in the water
supply at H.E. White Elementary in Clay County on February 24th. This was the last date that
MCHM was detected in a school system, and February 28th was the last date that government
testing detected MCHM in the water supply (Constantino, 2014a).
WVTAP detected MCHM exiting the water treatment plant as late as March 22, 2014,
nearly 3 months after the incident (Rosen, et al., 2014). Upon learning of these sampling results,
West Virginia American Water (WVAW), the private water company whose water supply was
contaminated, issued a press release in which Jeff McIntyre, the company’s CEO said:
“It is not unexpected that MCHM effectively captured in the filter
material may show up in trace amounts in water leaving the plant.
As we committed to our customers, we will be changing out the
nearly 500 tons of Granular Activated Carbon in our plant’s 16
filters as soon as operational conditions allow” (Jordan, 2014b).
At the time, WVAW believed that MCHM persistence in the finished water supply resulted
from MCHM desorption from the carbon filtration system (Rosen, et al., 2014). However, it was
later determined that carbon filtration was likely capable of absorbing crude MCHM, indicating
that there must be another yet undefined explanation for MCHM persistence in the finished water
system (Ahart, Gallagher, Scardina, & Dietrich, 2016; A. J. Whelton, et al., 2017a). On April 1st,
WVAW began changing their carbon filters (Marcus, 2014; Rosen, et al., 2014; Water, 2014e).
This process was completed in June 2014, six months after the initial leak (Water, 2014d).
The highest publicly reported concentration of MCHM in raw water samples exceeded 100
parts per million in raw water samples before January 12 (al, 2016; Ward Jr, 2016) and 4.6 ppm in
finished water exiting the plant taken on January 9 at 5:00 PM (al, 2016; Board, 2017; Ward Jr,
2016). However, the water distribution sampling protocol may not have actually detected the
highest concentrations in the water supply either because the sample was not collected at a time
that would have captured the highest concentration (A. J. Whelton, et al., 2017a) or due to the fact
that no analytical protocols existed to quantify MCHM in the water system at the time of the leak
and were not required under existing laws protecting drinking water (P. S. C. o. W. V. v. W. V. A.
W. Company, 2014; Services, 2012; Ward Jr, 2016).
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Additional evidence illustrates persistence of the leaked material in the water comes from
two separate studies conducted by the United States Geological Survey (USGS). On February 25,
over

a

month

after

the

leak,

USGS

identified

4-MCHM

and

methyl

4-

methylcyclohexanecarboxylate (MMCHC), a highly volatile co-eluting compound, in tap water
samples collected at their offices in Charleston nearby where the leak initially occurred (Foreman,
et al., 2015). On November 18, 2014, more than 10 months after the leak, samples of affected
river sediment collected by USGS revealed ongoing presence of sorbed 4-MCHM indicating that
this could be an ongoing, low-level source of contamination (Cozzarelli, et al., 2017).
The odor and illness reports outlined in this section notably the occur beyond the timeframe
of the dataset collected by public health officials that we analyze in this study. However, they
provide important background in support of the objectives of our study, which are to 1) describe
ER visits as they pertain to the flushing intervention, 2) summarize patterns of respiratory health
outcomes and exposure pathways for the overall sample as they relate to the flushing intervention,
and 3) test our hypothesis that after the flushing intervention began (January 13 to 23, 2014), there
were higher numbers of acute RHOs among ER visits classified as having MCHM exposure from
the Elk River chemical leak than there were in the days immediately following the leak (January
9 to 12, 2014).
3.2.3 Toxicological and Epidemiological Studies
At the time of the Elk River chemical leak, there were few studies conducted to understand
potential adverse health effects. Since the incident, a number of toxicological and health outcome
studies have been conducted that provide relevant health effects information about MCHM. This
section highlights some of those studies that were not previously described in Chapter 2.
3.2.3.1 Cellular and Animal Studies
Disruption of cellular function was associated with exposure to Crude MCHM in a yeast
cell model (Pupo, et al., 2019; Pupo Amaury, 2019). A proteomic study conducted by Lan, et al.
(2015) showed that 4-MCHM can induce chemical stress and that 4-MCHM metabolites are likely
more toxic in yeast cells and human alveolar basal epithelial cells by oxidative stress induction
and potential genotoxicity. V. J. Johnson, et al. (2017) determined that crude MCHM produces
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skin irritancy and weak to moderate sensitivity in mice. The largest component of crude MCHM,
pure 4-MCHM, was found to reduce fetal weight in rats (Program, 2015e).
Concentrations of crude-MCHM and 4-MCHM (pure) sampled individually on upper
airway cells produced elevations in many inflammatory biomarkers at levels higher than what
officials assumed the public was exposed (Gwinn, et al., 2018), although these elevations were not
considered statistically significant. Concentrations of crude-MCHM, 4-MCHM and PPH sampled
individually produced cytotoxicity in upper airway cells (Gwinn, et al., 2018), brain, heart, kidney,
and liver cells (Han, et al., 2017) but only at levels higher than what officials assumed the public
was exposed. In studies where 4-MCHM and PPH were co-sampled, they produced cytotoxic
effects even at low levels in brain, heart, and liver cells (Han, et al., 2017), attributable to
potentiation or synergism. Only in recent years has it come to light that the Freedom Industry
crude MCHM and PPH-stripped blend was also mixed with high-purity hydrochloric acid
(Burdette, 2016; Odell, 2016; Skiles, 2016; A. J. Whelton, et al., 2017b). Of all the toxicological
studies conducted to date, the chemical blend that leaked from the Freedom Industries tank into
the Elk River best represents the material to which the public was exposed in 2014, yet, it has only
been studied once, to assess developmental toxicity in zebrafish. Horzmann et al. demonstrated
varying developmental toxicities in zebrafish using the same doses of 4-MCHM, crude MCHM,
and the actual tank mixture. That study supports previous findings of synergism/potentiation of
the blended product (Horzmann, et al., 2017) not detected in studies individually sampling
components of the blended material but at temperatures differing from exposures experienced by
the affected population.
3.2.3.2 Human Studies
A 48-hour 1-inch by 1-inch human patch test conducted by Monnot, Novick, and
Paustenbach (2017) determined that crude MCHM does not produce skin irritancy. These results
conflict with the National Toxicology Program’s findings of skin irritancy in mice (V. J. Johnson,
et al., 2017).

As well, participants included in this study may not entirely reflect similar

demographics of those who were affected by the leak which includes many people who take
medication or have poor health (Rankings, 2014) and reported skin rashes (E. D. Thomasson,
Scharman, Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy, Pizon, S, et al.,

38
2017), although the authors acknowledge that further skin irritancy and sensitization evaluation
under such conditions may be warranted.
Two studies investigated 5-minute Apgar Scores, a test used at birth to indicate
developmental health vulnerability at birth and later in life (Razaz et al., 2016), and provide
conflicting results. Stacey M Benson, et al. (2018) found no evidence of difference in abnormal
5-minute Apgar scores (less than seven) between infants born in the affected area versus the
comparison group in their semiecological, quasi-experimental study. Affected infants were
determined by overlapping a map of the census tracts designated by WVAW as the exposure zone
with the census tract of maternal residence. The comparison group were infants whose maternal
residence are situated in other census tracts within West Virginia. Todd Guilfoos, et al. (2018)
found a significant decrease in 5-minute Apgar scores for infants born in Kanawha County after
January 2014 versus the synthetic control group comprised of weighted characteristics from other
counties within the Appalachian region with pre-leak characteristics similar to Kanawha County.
Each of these studies also analyze birthweight and gestational age and neither found
significant effects (S. M. Benson et al., 2018; T. Guilfoos, Kell, Boslett, & Hill, 2018). WVDHHR
also assessed birthweight and gestational age by comparing births in the affected and unaffected
regions of the counties affected by the leak and compared them over time. Their results did not
indicate any statistically significant decreases in birthweight or gestational age (Sanders, 2016).
These birthweight findings do not support the prenatal developmental effects that the NTP found
in rats (Program, 2015e). Differences could be related to variance in dose or chemical composition
of exposure between the rats and humans, or due to study design.
In 2015, Whelton et al. (A. J. Whelton, et al., 2015) conducted a comparative analysis of
studies pertaining to health impacts associated with the Elk River chemical leak. They analyzed
seven independent research projects, five of which were conducted by governmental entities and
two were their own analysis, one of which included results from local health department partners.
The health effects studies included one syndromic surveillance review of emergency room (ER)
records and two of physician records, three in-person household surveys, and one telephone
household survey (Latif & Gupta, 2014) which was subsequently published in Schade, et al.
(2015). They concluded that plumbing system flushing adversely affected health. We summarize
these studies below.
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The ER records were analyzed by the Agency for Toxic Substances and Disease Registry
(ATSDR) and West Virginia Bureau for Public Health (BPH) “to understand why people were
going to the [emergency department] and whether any of the illness reported was serious” (W. V.
B. f. P. Health & Registry, 2014). The analysis was purely descriptive and included counts of ER
visits attributed to MCHM exposure which found a second peak of visits after the flushing began
on January 15th. They identified routes of exposure as bathing, showering, other skin contact
(52.6%), eating, drinking, swallowing (43.9%), and breathing mist or vapor (14.6%). They
reported on the most commonly reported symptoms which include nausea (37.9%), rash (28.5%),
vomiting (28.2%), abdominal pain (24.4%), diarrhea (24.4%), headache (21.9%), itching (19.8%),
sore throat (14.9%), eye pain (14.6%), and cough (12.7%). They concluded that symptoms
“appeared to be mild and resolved with no or minimal treatment” and that “these symptoms are
consistent with known health effects of MCHM” (emphasis added to highlight that human health
effects were not well known at the time of this report). Notably the ER record review assessed
the same records that we analyze in the current study. As well, E. D. Thomasson, Scharman,
Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy, Pizon, S, et al. (2017)
assimilated the results of the ER review, the CASPER, and an analysis of records collected by the
West Virginia Poison Control Center in a peer-reviewed article on the acute health effects after the
leak which we discussed in Chapter 2.
The BPH physician record review identified notable counts of various symptoms similar
to those reported by the ER record analysis, however, they assessed as far out as May 31, 2014
which is beyond the scope of the ER record analysis. There are notable findings between January
24 to February 28, which they highlighted as itching/irritation and rash. Their report seems to
indicate ongoing symptoms for two cases attributed to the Elk River leak sometime as late as May
15 and show a second peak in counts between March 16 to 31 after a drop to one reported symptom
on March 1 to 15.
The syndromic surveillance of sentinel “multiprovider and multilocation medical
practices” was reported by KCHD as part of the A. J. Whelton, et al. (2015) study. They identified
respiratory symptoms (sore throat 9.4% and cough 6.9%) and that patients who reported sore
throats were likely to also have flushed their homes. They also identified a distinct peak in patient
visits after the flushing began which corresponds to the peak in visits in the ER record analysis.
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Table B2 (Appendix B) summarizes findings applicable to our research from different household
surveys with self-reported health impacts of the drinking water contamination conducted by
Schade, et al. (2015), A. J. Whelton, et al. (2015), WVTAP (A. J. R. Whelton, J. S.; Clancy, J. L.;
Clancy, T. P.; Ergul, A., 2014), CDC’s Community Assessment for Public Health Emergency
Response (hereafter referred to as “CASPER”) (Centers for Disease Control and Prevention, April
2014). The CASPER was first published in April 2014 (Centers for Disease Control and
Prevention, April 2014) a complete report and subsequently in a peer-reviewed article by Burrer,
et al. (2017). Overall, the results of these household surveys indicated that anywhere between 22
to 44% of the population reported experiencing health effects from the leak, of those, anywhere
from 13 to 44% sought medical care, even less sought care at an ER (10 to 28% of those who
sought medical care), and approximately to 1 to 18% of those were admitted to an emergency
room. Across all surveys, showering/bathing was either the highest or second highest water use
reported during or after the DNU aside from flushing the toilet and doing laundry. Most of the
respondents of the WVTAP study detected odor after January 9, only one did not detect an odor
in the water. The Whelton et al. study reported most households smelling an odor in the first two
weeks, and two people reported smelling it prior to January 9. Of note, their study was the only
one to inquire whether flushing activity had occurred at the time of the survey. The CASPER
study only sought to understand whether or not flushing instructions had been adequately
communicated. Most respondents (n=117, 94.4% of households interviewed) reported that the
information was easy to read and understand, but only 124 out of 128 received the instructions.
These studies, in addition to the ones described in Chapter 2, frame the background of our
investigation on the flushing intervention and its effects on respiratory health outcomes (RHOs)
reported among ER cases associated with exposure to the Elk River chemical leak. Based on the
results we presented in Chapter 2 and on the prior studies described above, we hypothesize that
after the flushing intervention began (January 13 to 23, 2014), there were higher numbers of acute
RHOs among ER visits classified as having MCHM exposure from the Elk River chemical leak
than there were in the days immediately following the leak (January 9 to 12, 2014).
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Section 3.3 Methods
3.3.1 Sample
We obtained de-identified medical records associated with exposure to MCHM from
January 9 to 23, 2014 by data use agreement from the West Virginia Bureau for Public Health
(WVBPH), Office of Epidemiology and Prevention Services, Division of Infectious Disease
Epidemiology and the CDC Division of Viral Hepatitis. The variables available in this data set are
listed in Table A1 (Appendix A). Inclusion criteria are described in detail in Section 2.3.1 of
Chapter 2. West Virginia University’s Institutional Review Board determined that this study did
not meet the definition of human subject research (protocol #1906618039).

3.3.2 Sample Classification
This study had two main outcomes of interest: 1) presence or absence of a respiratory health
outcome, and 2) presence or absence of a respiratory health outcome before and after the flushing
intervention. Our defining criteria for respiratory health outcomes are described in Section 2.3.2
of Chapter 2. We created a new variable called “timeframe” to classify whether or not the ER visit
occurred before or after the flushing intervention was initiated using information contained in the
“Visit Date” variable. Figure 1 shows that the flushing intervention process began on January 13th
which marked the cut point for our before and after categories. Hospital visit dates that occurred
between January 9 to 12, 2014 were categorized as “before”. Hospital visit dates that occurred
between January 13 to 24, 2014 characterized our “after” category.
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Figure 1. Timeline of the incrementally initiated flushing intervention and corresponding variables
used for data analysis.

3.3.3 Measures
The predictor variables included whether or not the case was work-related, and what routes
of exposure and points of contact were attributed to the case. Definitions for these variables are
described in Section 2.3.3 of Chapter 2.

3.3.4 Data Analysis
Data were cleaned, coded and analyzed using Microsoft Excel for Mac (version 16.31) and
R version 3.6.2 (R Foundation for Statistical Computing) (Team, 2017).
Poisson regression was used to compare counts of exposure reported ER visits under
different conditions. In the primary analysis, counts of reported exposure among ER visits
resulting in a respiratory health outcome were compared before (January 9-12) and after/during
(January 13-23, 2014) the flushing intervention.
Secondary analyses added interactions with particular predictors to this Poisson regression
to test for differences in the counts of exposure reported ER visits classified as having an RHO
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under particular conditions (classified by the additional predictor) before and after/during the
flushing. The main predictors of interest were 1) work-related cases, 2) each individual route of
entry, and 3) each individual point of contact. Since participants could have had multiple routes
of exposure and points of water contact, each route or point was entered as an indicator
(presence/absence) in a separate model. These models identified if the counts differ within
particular routes or points before and after/during the flushing intervention.
Additional analyses using Poisson regression were conducted to determine statistically
significant differences over time between two-day periods before and after/during the flushing
intervention. These two-day comparisons were used to adjust for differences between before and
after periods since there were more days in the after timeframe (n=11) than before (n=4). This
improved our ability to observe statistical differences between timeframes.

This analysis

compared counts of one baseline two-day period to other two-day periods. For descriptive
purposes, the counts of individual routes of exposure, work-related cases, and points of contact
were also compared before and after regardless of its association with an RHO.
Due to limited sample size, statistical significance was judged using two-sided tests at an
alpha level of 0.1 (p ≤ 0.1). Tests were considered to have marginal significance if the results were
between (p ≥ 0.1 to p ≤ 0.14). Standard errors used in significance testing were calculated using
conventional methods because it was not feasible to calculate robust standard errors using a single
set of counts. Statistical tests were omitted if counts in one or more groups had less than five
observations.
While most of our analyses focused on comparing raw counts, some comparisons of within
sample proportions/rates were performed using Poisson regression in order to attempt to
understand differences in rates of respiratory illness before and after/during the flushing
intervention among the exposure-related ER visits represented in this sample.

Section 3.4 Results
3.4.1 After vs. Before
3.4.1.1 Primary Analysis
Table 2 shows the results of our primary analysis which indicates that there were
significantly higher counts (p=0.05) of ER visits with RHOs after (n=74) the flushing intervention
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began from January 13-23, 2014 than there were before (n=52) from January 9-12. Fifty-nine
percent of all RHO cases occurred in the timeframe after the flushing began compared to 41%
before. Additional analysis found significantly higher counts (p<0.001) of all ER visits after
(n=224) the flushing versus before (n=148).
Table 2. Number of emergency room (ER) visits classified as having MCHM exposure by
intervention timeframe and outcome type.
All ER Visits
(Denominators)
Outcome Type
All ER Visits
No Respiratory
All Respiratory

N
372
246
126

% All Cases
66%
34%

Before
N
148
96
52

% row
40%
39%
41%

After
N
224
150
74

% row
60%
61%
59%

Counts p-value
<0.001
0.05

3.4.1.2 Routes of Exposure
Table B3 (Appendix B) shows the results of our case count comparison of all ER visits and
all ER visits with RHOs after the flushing intervention (January 13-23) versus before (January 912) by routes of exposure. Inhalation was the only route of exposure that showed statistically
higher counts (p=0.09) of reported RHOs after the flushing (n=40) versus before (n=26). There
were marginal higher (p=0.12) RHO cases with skin contact route of exposure after the
intervention (n=30) versus before (n=19). For ingestion route of exposure, there were fewer overall
ER cases (n after=71, n before=84; p=0.30) and ER cases with RHOs (n after=25, n before=27;
p=0.78). For overall ER visits regardless of RHO, inhalation had statistically higher counts
(p<0.0001) after (n=117) versus before (n=65) as did skin contact (n after= 125, n before=61;
p<0.0001) routes of exposure.
3.4.1.3 Points of Contact
Table B4 (Appendix B) shows the results comparing case counts after (January 13-23)
versus before (January 9-12) for all ER visits and all ER visits with RHOs by points of contact.
Flush Combo was the only point of contact with statistically higher (p=0.01) counts of RHO cases
after the flushing intervention (n=27) versus before (n=10). It also had more cases (n=27) after
the flushing intervention than any other point of contact (drinking and eating n=24, shower combo
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n=17) and higher rates of RHOs among all ER visits after (12%) versus before (7%). There was
only one more (p=0.86) RHO case after the flushing intervention (n=17) for Shower Combo than
before (n=16). Overall, there were significantly more overall ER cases after versus before for
flush combo (n after=47, n before=12; p<0.0001) and shower combo (n after=86, n before=53;
p<0.01). There were more (p=0.17) overall ER visits attributed to drinking and eating exposure
after the flushing intervention (n=83) versus before (n=66); however there were fewer (p=0.78)
RHO cases attributed to drinking and eating exposure after the intervention (n=24) versus before
(n=26).

3.4.2 Two-Day Comparison of After vs. Before
3.4.2.1 Routes of Exposure
To determine the rates of RHOs among all ER visits (or all ER visits with RHOs), we
classified each individual ER visit for absence or presence of an RHO based on the symptoms,
diagnoses or other notes in Table A2. We then assigned those RHOs to two separate sets of
exposure pathways. The first was route of exposure. The second was the point of contact, or the
water-use activity the person was engaging in when they reported becoming ill from MCHM
exposure. The way we coded our data using this information is outlined in Table A3. Each case
could have had multiple routes of exposure and multiple points of contact. For example, a person
could have reported nasal congestion (see Table A2) in the ER that they attribute to drinking a hot
cup of coffee. Their record would attribute that one case on that day they visited the ER to drinking
and eating point of contact and ingestion route of exposure since we coded all cases of drinking or
eating to ingestion route of exposure (Table A3). If they also reported shortness of breath after
taking a shower, our coding system would have assigned them both an inhalation and a skin contact
route of exposure for that day they reported in the ER.
To devise graph shown in Figure 2, we counted all of the cases individually to see how
many of the total two-day totals of RHOs were attributed to each of the routes of exposure
(numerator). We counted all of the cases in each two-day period that were attributed by our coding
system to have an RHO (all ER visits with RHOs). That was our denominator (see Table B6 in
Appendix B).
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Figure 2. Trend in two-day rates of RHOs attributed to each route of exposure by the two-day total
of ER visits with RHOs.
While each case could be represented in each of the three different routes of exposure
(depending on the details of their case), this information shows us the trend in symptoms and
diagnoses over time and the exposure pathway by route of exposure. The blue line shows RHOs
attributed to having inhalation exposure. Based on previous air modeling and flushing studies, we
believe that the clear and steep rate increase in reported RHOs attributed to inhalation exposure
after the flushing began seems to indicate heated vaporization which was determined by Whelton
et al. (2015), Omur-Ozbek, et al. (2016), Sain et al. (2015), Casteloes et al. (2015), and Gallagher
et al. (2018) to produce ambient MCHM concentrations that exceeded the CDC health protective
screening level. This may also be why we see a second peak in ER visits reporting RHOs
attributable to skin contact (such as showering). The green line (ingestion route of exposure) seems
to indicate possible fluctuations in cold or room temperature tap water.
Figure B1 (Appendix B) shows the companion graph for two-day RHO rates of all ER
visits with RHOs for the points of contact exposure pathways.
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We then analyzed each of these two-day periods by rates of RHOs among all ER visits
with RHOs and the just among all ER visits. We did the same thing for the points of contact.
Those results are reported below.
Rates of RHOs Among All ER Visits with RHOs
Table B6 (Appendix B) shows the results of comparisons between two-day periods after
versus before for rates of RHOs by routes of exposure (numerator) among all ER visits with RHOs
(denominator). Among all RHO cases, inhalation was the only attributed route of exposure where
there was a marginally significant increase (p=0.11) in rates of RHO cases after the flushing
procedure began (January 17-18, 77%) versus before the intervention (January 9-10, 33%). There
were no other routes of exposure with statistically significant two-day rate differences before and
after. Figure 2 highlights the increasing trend in rates of RHOs attributed to inhalation exposure
after the flushing intervention was implemented.

Rates of RHOs Among All ER Visits
Table B5 (Appendix B) shows the results of comparisons between two-day periods after
versus before for rates of RHOs by routes of exposure (numerator) among all ER visits
(denominator). The only route of exposure with statistically higher rates of RHOs after the
flushing intervention versus before was inhalation. There were significantly higher two-day RHO
rates among all ER visits for inhalation after the intervention on January 17-18 (23%; p=0.09) and
January 19-20 (32%; p=0.03) compared to before on January 9-10 (10%). After the flushing
began, there was a steady increase in two-day rates among ER visits for inhalation cases with
RHOs (January 13-14, 13%; January 15-16, 15%; January 17-18, 23%; January 19-20, 32%)
before decreasing (January 21-23, 22%). There were no significant two-day rate comparison
differences for skin contact. However, there appears to be an increase after the flushing in rates
of skin contact cases with reported RHOs on January 17-18 (16%) and on January 19-20 (18%)
after a dip on January 15-16 (10%). Ingestion only showed significantly lower rates (p=0.04) after
the flushing (7% on January 15-16) versus before (20% on January 11-12). Across all routes of
exposure, individual counts making up rates for the January 21-23 dates were too low to test for
significance.
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3.4.2.2 Points of Contact
Rates of RHOs Among All ER Visits
Table B7 (Appendix B) shows the two-day rates of RHOs (numerator) among all ER visits
(denominator) by points of contact. The only point of contact with statistically higher rates of
RHOs after the flushing intervention versus before was flush combo. There were significantly
higher (p=0.05) two-day RHO rates among all ER visits after the flushing intervention for flush
combo on January 19-20 (27%) compared to before on January 11-12 (9%). Shower combo and
drinking and eating demonstrated significant decreases in RHO rates among all ER visits after the
flushing versus before.
Rates of RHOs Among All ER Visits with RHOs
Table B8 (Appendix B) shows the two-day rates of RHOs (numerator) among all ER visits
with RHOs (denominator) by points of contact. Among rates of RHOs among all ER visits with
RHOs, flush combo was the only point of contact with a statistically significant increase (p=0.05)
in a two-day period rates of ER visits with RHOs after the flushing began (January 19-20, 60%)
as opposed to before (January 11-12, 24%). Figure B1 (Appendix B) shows the steady increase in
flush combo rates of RHOs among corresponding two-day ER visits with RHOs which are highest
after the flushing intervention is implemented. The only other distinguishable differences among
points of contact were for drinking and eating, but the results were reversed. Rates were
significantly lower after (January 15-16, 29%) the flushing intervention than before (January 1112, 47%; p=0.05). It also shows the trend in two-day rates of RHOs with attributed drinking and
eating and shower combo points of contact (numerator) among corresponding two-day ER visits
with RHOs (denominator).

Section 3.5 Discussion
3.5.1 The Dataset
This study only reports people who visited the emergency room and were classified as
having an exposure using data previously collected by the Agency for Toxic Substances and
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Disease Registry (ATSDR) for their Assessment for Chemical Exposure (ACE) Investigation (E.
D. Thomasson, Scharman, Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy,
Pizon, L Burrer, et al., 2017). It may not reflect all of those exposed in the population or the
magnitude of effect. Most of these comparisons considered raw counts rather than rates because
this sample is not perfectly representative of the overall population, so a denominator could
misrepresentative. Rates used are only generalizable to the ER cases classified as having exposure
and are provided for descriptive purposes only.
There were a number of individual variables where size of counts did not produce enough
power to test for statistical significance before and after the beginning of the intervention including
work-related cases (n before=3, n after=5). We combined some variables. It is possible that
distinct differences may exist between each of these individual variables, but not enough
information was available to test for a difference.
3.5.2 Respiratory Health Outcomes
A number of cases associated with respiratory health outcomes related to skin or inhalation
exposure could be due to fact that Crude MCHM is a recognized dermal (V. J. Johnson, et al.,
2017) and respiratory irritant (E. C. Company, 2011). Although the NTP found insignificant
elevations of inflammatory biomarkers in their in-vitro study on inhalation, their in-vivo lymph
node study determined that Crude MCHM is a skin sensitizer (V. J. Johnson, et al., 2017). Dermal
contact to other sensitizing volatile organic chemicals has been shown to elicit respiratory
responses even at low levels (Redlich, 2010). This could explain why there may have been
respiratory cases associated with skin or inhalation contact and why the results presented here
somewhat contradict NTPs inhalation study. Other reasons for differences from our study and the
findings of NTP’s inhalation study could be attributed to health differences within the affected
population and those represented in ER reported cases versus the donor cells (a healthy, young,
white, non-smoking male) sampled by NTP, misclassification of exposure, recall bias or
misdiagnosis.
In cases that occurred before the flushing intervention was implemented, the data show the
highest counts and rates of RHOs occurred in cases classified as having ingestion (n=27) and
inhalation (n=26) routes of exposure and for drinking and eating (n=26) point of contact. In the
days after the flushing intervention was enacted, the data demonstrate that cases classified as
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having inhalation (n=40) route of exposure and flushing and ambient odor (n=27) and drinking
and eating (n=24) points of contact had the highest counts and rates of RHOs among ER cases and
ER cases with RHOs.

3.5.3 Flushing
One reason for statistically higher counts of ER visits among all routes of exposure besides
ingestion after the flushing intervention as opposed to before could be due to the fact that there are
more counted days in the after timeframe (n=11) than there are in the before timeframe (n=4). The
300,000 people affected on one day, January 9th, when the leak was initially detected in the water
supply distribution system, were likely secondarily impacted by the flushing intervention which
occurred incrementally over a five-day period between January 13 to 18 (Markham, et al., January
9, 2015). This incremental decontamination of the water supply system across multiple different
zones (i.e. incremental lifting of the Do Not Use water ban) would have washed out any peaks in
exposure that surpassed the ER visits associated with exposure in the days before the flushing
began (January 9 to 10). As this incremental flushing intervention was carried out, not only would
people properly flushing their homes have potentially been exposed to hazardous levels of the
chemical by inhalation (Agency, 2014a; Omur-Ozbek, et al., 2016; Water, 2014b), they would
have been potentially been exposed to hazardous levels of the chemical by inhalation and ingestion
as they resumed normal water-use activities involving hot water in closed spaces such as
showering and bathing (D. L. Gallagher, et al., 2018; A. E. Sain, A. M. Dietrich, E. Smiley, & D.
L. Gallagher, 2015a). For children, inhalation would likely have been a more significant route of
exposure than ingestion while showering than it would have been for adults (D. L. Gallagher, et
al., 2018). This could also explain a number of cases classified as having significantly higher
overall rates of inhalation, flushing and ambient odor exposure following the intervention among
exposure classified ER visits.
The fact that not all residents flushed as instructed by state authorities could speak to why
there weren’t even more reported cases with flushing contact during the acute two-week period
following the water contamination (A. J. Whelton, et al., 2015). Some residents in this study
waited as long as 37 days to flush (A. J. Whelton, Rosen, Clancy, Clancy, & Ergul, 2014). It is
unclear if this was due to physical limitations or other reasons.
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Regardless of whether or not there was statistically significant differences among routes of
exposure, more than one case was associated with all classified routes of exposure (inhalation, skin
and ingestion) during all of the dates analyzed with the exception of the last few days of the
analysis (January 21-23), where routes of exposure and points of contact may have achieved low
or zero reported cases.

3.5.4 Intrinsic and Extrinsic Factors for ER Use
State and federal public health officials hypothesized that hospital visits may be related to
having the flu or lack of hand washing or anxiety (presumably related to risk perception) (Gutman
& Mays, 2014b) since there seemed to be a disconnect between reported illness attributed to the
leak and concentrations of the chemical being detected in water samples at the time. It is possible
that anxiety-related heightened risk perception could have played a role in adverse respiratory
health outcomes, as perceived risk can invoke inflammatory mediated airway response (Jaen &
Dalton, 2014). However, heightened risk perception among those with diagnosed anxiety has not
been shown to be any differently estimated than it is in the population without anxiety disorder
(Nesse & Klaas, 1994). None of the cases classified as having a respiratory health outcome in this
study were also diagnosed with anxiety. If heightened risk perception did play a role, it would
have done so non-differentially, and it would have manifested in clinically identified biological
outcomes. Health officials reviewing the cases included in this dataset excluded cases they
suspected attributable to another diagnosis (E. D. Thomasson, Scharman, Fechter-Leggett, Bixler,
Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy, Pizon, S, et al., 2017) including, presumably, the
flu. Although it is possible that they misclassified cases. Dr. Rahul Gupta, medical physician and
then director of the local health department did not support the explanation of flu or anxiety
symptoms (Boucher, 2014; Manuel, 2014).
Within the week following the chemical leak, the head nurse of an emergency room
department in the affected area told a reporter that people would be coming to the hospital to
document health complaints that could be used for litigation at a later date (R. Johnson, 2014c).
This may be one reason for overreporting in this dataset. However, the potential stigma related to
such actions may have also supported why cases were underreported. This is well summed up by
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one woman who refused to be transported to the hospital after becoming ill due to fumes in the
workplace:
“I just don’t think people are taking the inhalation of these fumes as
serious as they should be. I think if I’d have went down there, they
would think ‘Oh she’s just wanting to slap a lawsuit or something
on somebody.’ That’s the main reason I didn’t go [to the hospital]”
(Molenda & Mays, 2014).
On January 11, elective surgeries were cancelled at local hospitals (Ferrell Smith, 2014;
Ward Jr & Gutman, 2014) and some people went to hospitals out of town to be treated (Ferrell
Smith, 2014). At least two hospitals in the area requested that people not come to the hospitals
unless there was a “critical or urgent” emergency (Ward Jr & Gutman, 2014). The hospitals said
they were not turning people away (Ward Jr & Gutman, 2014), but this could partially explain the
precipitous drop in ER visits between January 11 and 14.

3.5.5 Limitations
Limitations associated with this dataset have been reported previously (E. D. Thomasson,
Scharman, Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy, Pizon, S, et al.,
2017). The results presented here that differ from previous analysis of this dataset (W. V. B. f. P.
Health & Registry, 2014; E. Thomasson, et al.; E. D. Thomasson, Scharman, Fechter-Leggett,
Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy, Pizon, L Burrer, et al., 2017) are likely
attributable to methodological differences. This study is primarily descriptive in nature and is not
intended to infer causation. Similarly, these results are not generalizable among the affected
population. There was no systematic surveillance in place to uniformly document exposure across
the affected area, therefore records included in this analysis are only ones where patients selfreported exposure or doctors reported exposure to the chemical.

This would result in an

underestimation of effect. Likewise, it is possible that RHOs as described could be non-exposure
related as a result of misclassification or could have additive or synergistic effects with exposure
to the chemical leaked that led to counts we saw in this sample (Nguyen, Marshall, Brown, & Neff,
2016; Xu & Wang, 1998). As previously mentioned, health officials reviewing these cases
excluded cases they suspected attributable to another diagnosis (E. D. Thomasson, Scharman,
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Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy, Pizon, S, et al., 2017).
Investigators were not provided access to all 584 records retrieved in the ACE investigation and
were therefore unable to apply alternative exclusion criteria.
Selection bias could have occurred as a result of different application of exposure case
definition across hospitals reporting their cases of exposure to WVBPH as previously reported (E.
D. Thomasson, Scharman, Fechter-Leggett, Bixler, Ibrahim, Duncan, Hsu, Scott, Wilson, Haddy,
Pizon, S, et al., 2017). Likewise, previous household studies indicated that those who sought
medical care related to an illness they associated with the leak may have sought care with a primary
care physician (14-45%) or an urgent care center (2.3-25%) as opposed to a hospital emergency
room (Centers for Disease Control and Prevention, April 2014; Schade, et al., 2015). This suggests
that the sample analyzed here only makes up a portion of the cases related to exposure.
Other selection bias would come from the fact that the timeframe of this dataset
incompletely reflects all acute or chronic health effects, particularly RHOs, associated with the
2014 Elk River water contamination. Delayed onset of symptoms or disease presenting after the
acute (two week) period could not be analyzed with these data. Respiratory diseases such as
asthma and COPD can be triggered even at low levels or ongoing exposures to triggers for some
populations (DeVries, et al., 2016; Institute; Registry). Low-levels of the chemical were detected
the drinking water supply between one month to nearly 3 months after the leak (Foreman, et al.,
2015; Rosen, et al., 2014; A. J. Whelton, et al., 2017a) indicting potentially intermediate length
(>14 days) exposure duration (Registry) of the chemical at low-levels (Figure A1, Appendix A).
Likewise, illness and medical care associated with exposure were publicly reported into February
(Mays & Gutman, 2014), so RHOs associated with exposure to the water contamination may not
have been limited to the acute 2-week period following the leak.
Differential information bias could come from differences in hospital information
collection practices, misdiagnosis attributable hospital practice (e.g. classifying a diagnosis as
“chemical exposure” versus “pneumonia”, etc.). Nondifferential information bias could have
resulted from analytical error, medical record transcription, or recall bias from individuals
reporting incomplete information.
We assumed that our data could be well modeled using a Poisson regression with a scale
parameter of 1. It is possible that this data is better modeled using quasi-poisson models, but not
enough information was available to compare models. In addition, we were unable to compare
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exposures from multiple exposure pathways to each other, as the groups are not independent.
Future research should investigate how different exposure pathway combinations could have
influenced ER visits with RHOs.
Strengths of this study include that the data source was previously analyzed by reputable
sources to describe acute health effects. The current study elucidates the effectiveness of public
health interventions not undertaken by other studies. This study also has allowed us to describe
time trends in ER visits before and after/during flushing over two-day periods.

Section 3.6 Conclusions
Respiratory health outcomes (RHOs) made up one-third of all exposure-related ER visits
in the timeframe after the flushing intervention began (n=74) which is a statistically higher
(p=0.05) than the number of cases with RHOs among ER visits before the intervention (n=52).
There were significantly higher counts of RHOs (p=0.05) and RHOs attributed to inhalation
(p=0.09) of overall ER visits after the flushing intervention compared to before. This finding was
not present for any other route of exposure. Flushing and ambient odors were the ways in which
people most frequently (n=27; p=0.01), and at higher rates (36% all RHOs; p=0.12), reported
coming into contact with the water after the flushing began. When measuring differences among
two-day periods before the flushing began and after, inhalation was the only route of exposure
with statistically higher rates of RHOs after the flushing began among all ER visits (p=0.09,
p=0.03) and all ER visits with reported RHOs (p=0.11). Results were also significantly higher for
RHO cases with flushing and ambient odor point of water contact for two-day periods after the
intervention among all ER visits (p=0.01) and all ER visits with reported RHOs (p=0.08).
From these results, it appears that the flushing intervention did not sufficiently protect the
population from human health hazards, specifically ones that may affect the respiratory system.
In absence of in-home air monitoring, these results suggest that the flushing intervention likely led
to increased cases of RHOs among the population exposed to the drinking water contamination
that occurred as a result of the 2014 Elk River chemical leak, though further studies are needed.
Results presented herein contribute respiratory health outcomes data to support literature related
to flushing (Casteloes, et al., 2015; A. J. Whelton, et al., 2015) and air modeling of Crude MCHM
exposure (D. Gallagher, K. Phetxumphou, & A. Dietrich, 2018; Omur-Ozbek, et al., 2016;
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Amanda E. Sain, et al., 2015) and is sufficient for recommending that future public health
interventions involving drinking water contaminations should include measures that assume
inhalation hazard from chemical volatilization during normal drinking water-use activities. As
previously recommended (D. L. Gallagher, et al., 2018; A. J. Whelton, et al., 2015; A. J. Whelton,
et al., 2017b), in-home air monitoring during such chemical contamination events are helpful in
confirming potential health threats related to chemical contamination of drinking water. Further
studies are necessary to determine whether these effects occurred disparately among the population
and if they differ from normal trends among ER visit trends in the affected area. As well, this
study predominantly focuses on acute respiratory health outcomes. Long-term respiratory health
effects associated with the 2014 West Virginia Elk River drinking water contamination are not
known and would make an excellent topic for future studies.
Recommendations to prevent chemical contamination of drinking water are endless. These
include incentivizing safer chemical alternatives, implementing local, state or federal aboveground
storage tank regulations, implementing hazardous substance spill-prevention rule as mandated by
the 1972 Clean Water Act (Knicley, 2018), improving public and emergency responder access to
chemicals manufactured and stored near drinking water sources, repeal the grandfather clause in
the 1976 Toxic Substances Control Act. Prevention recommendations are endless as they are the
only effective strategy for mitigating adverse respiratory (or any) health outcome related to
chemical contamination. Until then, emergency responders and public health practitioners will be
caught in the crosshairs trying to clean up a mess and protect the public from health threats they
did not produce. An integrated occupational and environmental health surveillance network would
greatly benefit the field of public health with evaluating the effectiveness of intervention strategies
and may even prevent the next disaster. Such a network could be initiated under state public health
authority and integrated into evaluation components of the disaster management cycle to carry
lessons learned into future disaster response scenarios.
Unfortunately, we were unable to conduct in-depth analysis on work-related experiences
associated with reported exposures to the 2014 chemical contamination due to low counts.
Notably, neither job tasks being performed during exposure nor line of work were well
documented in the medical records making it difficult to further describe. It is possible that this
dataset included more work-related cases than described but did not identify them as such, which
underscores the importance of an integrated occupational and environmental health surveillance
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network. This inconsistency in reporting makes it difficult to ascertain the true health effects of
work-related exposure but provides a basis upon which future studies should expand. Further
investigation on this topic, particularly respiratory health effects of MCHM exposure on the
vulnerable population of coal beneficiation plant workers, is warranted given that they are more
likely to experience elevated ambient temperatures of the chemical in closed conditions (Y Thomas
He, et al., 2015) over durations longer than flushing or a standard hot shower and for longer
periods.
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Chapter 4 Respiratory Health Disparities Among Exposure Classified ER Visits During the 2014
West Virginia Elk River Chemical Leak and Drinking Water Contamination
Section 4.1 Abstract
Despite a decades old goal of the national health agenda to eliminate widespread health
disparities, socioeconomic and racial/ethnic disparities in the U.S. population continue to widen.
Disasters are known to amplify health disparities yet there are no systematic measures in place that
document the effects of public health interventions on socially marginalized communities
following disasters. Failing to measure these effects could mask the adverse experiences of
marginalized communities and leaves lessons unlearned for future disasters. In this case study, we
examine the demographics of the area 2014 West Virginia Elk River chemical leak and health
disparities associated with the public health intervention used to avert adverse health outcomes
during this large-scale drinking water contamination of a coal cleaning chemical, 4methylcyclohexane methanol (MCHM). Previously collected medical records associated with
exposure from emergency rooms (ER) across the affected area were used to compare rates of
respiratory health outcomes among different demographics given that respiratory disease occurs
disparately among the population and previous studies demonstrated the exposure potential for
such adverse outcomes. Results showed that the affected area is host to some of the largest
concentrations of People of Color in the state yet Black residents presented with MCHM exposure
at rates lower than the national ER use average while White residents with reported MCHM
exposure were seen in the ER at rates higher. Low-income Black residents were more likely than
similarly situated White residents to have an RHO attributed to an ER visit with reported MCHM
exposure and more likely to report pre-existing asthma. These results demonstrate previously
undocumented racial disparities in respiratory health outcomes and ER use attributed to reported
MCHM exposure. Our results suggest that by failing to explore the possibility of the deleterious
effect of the flushing intervention on all segments of the population, governmental disaster
management, as described in this study, contributed to the well documented history of systematic
and institutional neglect for Appalachian communities, and those who are considered vulnerable,
low-income, and poor populations.

Future studies should aim to further illuminate how

governmental disaster management contributes to systematic and institutional racism and classism
in the delivery of health care during disaster scenarios, particularly in central and southern
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Appalachia, using the Elk River chemical leak and other similar disasters, such as those occurring
in West Virginia’s “Chemical Valley,” as cumulative impact case studies.

Section 4.2 Introduction
In Chapter 2, we discussed the background of the 2014 West Virginia Elk River chemical
leak and drinking water contamination and research conducted in its aftermath. In Chapter 3, we
provided additional background on the flushing public health intervention intended to
decontaminate the contaminated water supply. The remainder of this section provides additional
details on the ways in which disasters disparately affect socially marginalized populations and
existing respiratory health disparities in West Virginia as background for our investigation of the
relationship between respiratory health outcomes (RHOs) and socially marginalized populations.
4.2.1 Disasters, Disparities, and the Elk River Chemical Leak
Disasters disproportionately affect socially marginalized populations (Cutter, et al., 2006;
Wisner, et al., 2004), including communities of color and low-income communities. Yet, there
are no systematic assessments integrated in the disaster management cycle or embedded in the
process of public health response to disasters that specifically seek to address these disparities.
Governmental management of environmental disasters has been known to produce health
inequities and make preexisting health disparities worse (R. Bullard, 2008; Robert D Bullard &
Wright, 2012), which is why assessing the effectiveness of public health interventions used in
environmental disasters on different populations is so important.
In 2014, a chemical leak from an aboveground storage tank of a chemical mixture, crude
4-methylcyclohexane methanol (MCHM), used to clean coal infiltrated the largest drinking water
intake in West Virginia. It contaminated the water supply, owned by the private company West
Virginia American Water (WVAW), for 300,000 people across 10 counties. When faced with the
same dilemma, some of these residents were affected more than others due to what is referred to
as “vulnerability,” which describes an individual’s diminished ability to prepare, respond, recover
(Cutter, et al., 2006; Fothergill & Peek, 2004; Sexton & Linder, 2010), and resist disasters (Cutter,
et al., 2006; Lansford, et al., 2010; Wisner, et al., 2004). Vulnerability is manufactured and shaped
by social and economic marginalization (Bolin & Kurtz, 2018; Wisner, et al., 2004) and it
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influences all stages of environmental disasters (Robert D Bullard & Wright, 2012; Flanagan, et
al., 2011). During the Elk River chemical leak, which is further described in Chapters 2 and 3,
there were multiple ways that vulnerability manifested and contributed to differential experiences
and are best described in terms of the social determinants of health (2020).
Water is a fundamental physiological necessity (Maslow, 1943; Organization), so when
this leak occurred, people were forced to either use water readily available to them or find alternate
sources of drinking water. While the National Guard, first responders, the Federal Emergency
Management Agency (FEMA), and state agencies stepped in rather immediately to provide potable
water (Markham, et al., January 9, 2015), not all were able to easily access it (WVFREE, et al.,
2014). Community networks, like the West Virginia Clean Water Hub, emerged to address these
gaps by identifying needs and delivering water to people who needed it most because they were
unable or access it on their own because of physical, economic or transportation limitations
(Plummer, 2014). These limitations were reiterated among public housing residents during
community listening sessions who recommended that water be delivered people who “have trouble
leaving their homes or are unable to get to the distribution sites,” particularly to public housing
residents with limited incomes (WVFREE, et al., 2014). Residents also noted that the delivered
water should be sealed (WVFREE, et al., 2014), referring to lack of trust in the alternative water
supply after the WVAW filled bulk water distribution tankers with water from sources that had
recently been contaminated (Craig, 2014; Murphy, 2014). Some people had the means to travel
long distances to access potable water for means such as bathing (Centers for Disease Control and
Prevention, April 2014; WVFREE, et al., 2014) while for others, it forced having to make the
choice of using food stamps to purchase food or water (WVFREE, et al., 2014).
School closures have disproportionate implications for people who have greater
vulnerability during disasters (Berkman, 2008), and during the Elk River chemical leak, schools
were closed for over a week (Kersey, 2014b). Low-income households who struggle to find
reliable, affordable, and safe child-care would have experienced disproportionate effects (Huston,
2004). In a news article, Pastor Paul Dunn of a Charleston-based church reflected on the
implications of this on food security for children:
“This is gonna hurt. Kids still aren’t in school, and in my district the
breakfast and lunch they get Monday through Friday are sometimes
the only meals they’re guaranteed all week” (R. Johnson, 2014b).
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There are many other ways in which individuals may have differentially experienced the
effects of the Elk River chemical leak. However, for the purposes of this Chapter, we focus on
our interests on differential exposures that may have contributed to disparate respiratory health
effects. One way this may have occurred centers on the social determinant of housing.
In the US, homeownership is the measure of equity. Housing type and location shape our
health (Dunn & Hayes, 2000). The control over environment that homeownership provides
improves psychological well-being (W. M. Rohe, and Mark Lindblad. , 2013; W. M. Rohe, Van
Zandt, & McCarthy, 2002). During the Elk River chemical leak, homeowners likely had greater
control over the water in their home environment for purposes such as conservation, procurement,
and distribution, than those who live in multi-dwelling or subsidized housing units. As well, they
likely would have had greater control over the implementation of the flushing intervention we
describe in Chapter 3. We posit that these differential housing experiences with compromised
water may have differentially affected the respiratory health of marginalized populations,
particularly given 1) the historic homeownership gap among low-income, Black, and Hispanic
populations (Haurin, Herbert, & Rosenthal, 2007), 2) the inextricable connection between
respiratory health outcomes and residential indoor environmental quality, and 3) the respiratory
vulnerability of these groups described in Section 4.2.2.
4.2.2 Risk of Exposures and Respiratory Health Disparities in West Virginia
Respiratory morbidity, particularly asthma and chronic obstructive lung disease (COPD),
is a significant public health burden that affects more than 30 million people in the United States
(H. R. O. o. D. P. a. H. P. U.S. Department of Health and Human Services). Asthma, the
respiratory disease with the greatest prevalence affecting over 25 million people (U. S. C. f. D. C.
a. Prevention), is an incurable chronic obstructive respiratory disease that results from
inflammation and irritation of the airways and causes narrowing of the airways and reduced
expiratory air flow. If unmanaged or untreated, asthma attacks can require hospitalization and
may have long-term impacts resulting in declining lung function (National Heart, 1997). Acute
symptoms of a chronic respiratory disease (asthma and COPD) exacerbation, including breathless
and wheezing for short to extended periods of time with recurrent attacks varying in both frequency
and severity, can be life-threatening (Moorman et al., 2012; Organization).
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Low-income communities (Pleasants, et al., 2016) and communities of color, particularly
Black (Mark D Eisner et al., 2011; US Department of Health and Human Services) and Hispanic
(specifically Puerto Rican) (Association, 2011; O. o. M. H. U.S. Department of Health and Human
Services) communities are disproportionately affected by respiratory disease. Living at or below
the poverty level makes people more likely to have asthma (Moorman, et al., 2012), to suffer from
greater asthma severity (Eisner, Katz, Yelin, Shiboski, & Blanc, 2000), to suffer from one or more
asthma attacks per year (Moorman, et al., 2012), and to be hospitalized for their disease (Eisner,
et al., 2000). Black populations, females, and children with asthma, are more likely to visit the
emergency room and be hospitalized than any other asthmatic population. People who experience
asthma attacks have a greater risk of other adverse outcomes such as missing work or school and
needing emergency medical treatment including hospitalization (Moorman, et al., 2012).
Many strategies to control and reduce asthma incidence and prevalence center on educating
individuals how to avoid and reduce triggers within their control (U. S. E. P. Agency; U. S. C. f.
D. C. a. Prevention). Unfortunately, asthma prevalence has increased (Backman et al., 2017) and
asthma disparities persist among socially marginalized populations (Guilbert et al., 2019). Table
3 shows that in 2014, West Virginia ranked 6th highest prevalence of adult asthma in the country
(C. f. D. C. a. Prevention, 2014d).
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Table 3. Prevalence (by percent) of asthma in the United States (US) and West Virginia (WV),
2013-2014.
Prevalence (%)
2013

Demographic

2014

Child

Adult

Child

Adult

US

WV

US

WV

US

WV

US

WV

Overall

-

14

12.9

14

13.6

13.5

12.7

13.5

14.5*

Age

0-4

7.3

5.5

-

-

7.3

7

-

-

5-9

14.5

16.8*

-

-

14.5

13.9

-

-

10-14

17.9

16.3

-

-

17.6

14.4

-

-

15-17

17.9

13.3

-

-

16.9

14.7

-

-

18-24

-

-

19

19.7*

-

-

17.7

18.0*

25-34

-

-

15

14.7

-

-

14.3

16.3*

35-44

-

-

13.1

14.0*

-

-

12.9

14.7*

45-54

-

-

13.2

11.6

-

-

12.8

14.2*

55-64

-

-

13.6

13

-

-

13.3

14.3*

65+

-

-

11.7

11.6

-

-

11.6

12.1*

Male

16.3

14.7

11.7

10.5

16

15.5

11.2

11.6*

Female

11.8

11.3

16.2

16.6*

11.1

10.1

15.7

17.3*

White

12.6

12.9*

13.8

13.1

11.8

12.9*

13.3

14.2*

Black

21.2

13.6

16.6

24.4*

19

10.4

16.1

18.3*

Other

12.9

14.2

11.8

16.8*

15.6

12.4

11.1

25.7*

Multi

17.2

-

23.6

23

-

-

21.9

22.9*

11.9

12.4*

14.1

13.1

11.9

12.8*

13.6

14.1*

Black NH

21.3

14.6

16.6

24.4*

19

8.5

16.1

18.6*

Other NH

12.4

14.2*

11.6

16.2*

15.1

11.3

10.8

23.2*

Multirace
NH

-

-

23.7

21.3

-

-

22

22.9*

Hispanic

14.5

21.3*

12

14.0*

13.1

16.8*

11.4

20.6*

< $15,000

-

-

19.9

23.6*

-

-

19.4

23.2*

-

-

15.4

16.1*

-

-

15.7

14.7*

-

-

12

9.7

-

-

11.5

12.7*

Sex
Race

Race
/
Ethnicity

Income

$15
$24,999
>=$75,000
1

to

NH = Non-Hispanic
* indicates that prevalence is higher in West Virginia than the United States overall
- indicates information not available
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Specifically, overall adult prevalence of asthma in West Virginia (14.5%) across every age
range was higher than it was nationally (13.5%), particularly among Blacks (WV 18.3%, U.S.
16.1%) as compared to Whites (WV 14.2%, U.S. 13.3%) and people living at the poverty level or
below the poverty level (<$15,000/year, WV 23.2%, U.S. 19.4%) as well as high income. Women
in West Virginia had higher asthma prevalence (WV 17.3%, U.S. 15.7%) than men (WV 11.6%,
U.S. 11.2%) (C. f. D. C. a. Prevention, 2014b). The prevalence of childhood asthma in West
Virginia (12.7%) was overall lower than it was nationally (13.5%) and across all age, sex and race
categories except for white children (WV 12.9%, U.S. 11.8%) (C. f. D. C. a. Prevention, 2014c).
Environmental exposure from breathing in substances that may irritate the airways or
trigger an allergic reaction is one of the greatest known risk factors for developing the disease
(Organization). Yet, many individuals are unable to control their environmental exposures,
particularly when they have fewer resources required to do so and it requires policy change or
adequate enforcement of existing laws. Low-income communities and communities of color also
have higher exposure to poor housing quality (R. Morello-Frosch, Zuk, Jerrett, Shamasunder, &
Kyle, 2011) which fosters respiratory morbidity (Hughes, Matsui, Tschudy, Pollack, & Keet,
2017) as it can host a number of indoor environmental factors including moisture and poor
ventilation which can breed mites and mold, dust, pests and other allergens and triggers (BryantStephens, 2009). Many of these communities exist in areas with high vehicle traffic (Chang et al.,
2009; Delfino, 2014; Houston, et al., 2004) and in disproportionately near polluting facilities (R.
Bullard, Mohai, Saha, & Wright, 2008; Chakraborty, et al., 2014; Elliott, et al., 2004; Justice,
1987; Steve Lerner, 2010; Rachel Morello-Frosch & Jesdale, 2006; Norton, et al., 2007; Orum, et
al., 2014; Pastor, et al., 2005), which can trigger respiratory illness (Ware, et al., 1993). Such
environmental justice communities are often met with resistance from policy makers when
attempting to limit disproportionate ambient emissions and from companies or governmental
agencies who either attempt to forcibly relocate or are unwilling to pay to relocate their neighbors
to safer havens (Steve Lerner, 2010; Orum, et al., 2014; Wright, 2005).
There

remains

overwhelming

evidence

that

environmental

exposures

are

disproportionately experienced by low-income, vulnerable populations, including communities of
color who are unequally affected. This section provides comprehensive and compelling data that
suggests that the prevention of exposure to environmental triggers requires more than lifestyle
modification. Lifestyle modification is not sufficient to ameliorate exposure from environmental
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toxicants produced by national disasters. The Elk River chemical leak and subsequent flushing
intervention created the potential for disproportionate adverse environmental exposure that could
trigger acute and chronic respiratory diseases, like asthma. Reducing and eliminating such health
disparities is essential for achieving health equity and justice for low-income communities and
communities of color. The reduction of environmental exposures among this population should
be a national priority. This study highlights the opportunity to create a systematic health disparities
assessment which when designed properly, can reduce disproportionate environmental exposures
in disasters and contribute to environmental justice.
4.2.3 Study Overview
In Chapter 2, we characterized the respiratory health outcomes (RHOs) and attributable
exposure pathways overall among emergency room (ER) visits with reported exposure to water
contamination. We found that overall, inhalation and contact with ambient odors and the flushing
process, a public health intervention intended to decontaminate the water supply, were attributed
to more RHOs than any other exposure pathway. This outcome was not anticipated by public
health officials.
In Chapter 3, we further explored the timing of these RHOs. We found that there were
significantly more ER visits with RHOs attributed to the timeframe after the flushing intervention
was implemented as opposed to before. We also found that there were significantly more RHOs
among those with inhalation (p=0.09) and flushing/ambient odor (p=0.01) exposure after the
flushing intervention than there was before. There were no other exposure pathways with
statistically significant increases in counts after the flushing began except for skin contact which
was only a marginally significant increase. These results contribute health outcomes data to a
body of scientific evidence which suggests that the flushing intervention was more hazardous
to human health, specifically respiratory health, than initially expected. The purpose of this
study is to determine whether these effects occurred differentially among the population. Afterall,
having clear scientific measures are essential for understanding the conditions that produce health
disparities and essential for eliminating them (C. o. S. D. o. Health, 2008).
In this chapter, we aim to investigate the relationship between respiratory health outcomes
and socially marginalized populations. Our objectives are to 1) describe the demographics of the
affected population and of emergency room medical records associated with exposure to the water
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contamination event, 2) analyze medical records for health disparities related to respiratory health
outcomes, routes of exposure, points of water contact, and effects related to the flushing
intervention and summarize these patterns, and 3) determine whether community members
experienced health effects differently than reported in government reports and peer-reviewed
literature. We hypothesize that there are higher rates of RHOs among low-income Black residents
and Black residents with history of asthma than similarly situated White residents overall and after
the flushing intervention occurred.

Section 4.3 Methods
4.3.1 Demographic Analysis of the Affected Population
Census tracts affected by the Elk River chemical leak were identified by overlaying USA
Tracts, an authoritative ArcGIS map layer curated by Esri (retrieved May 1, 2019 from
https://www.arcgis.com/home/item.html?id=a3191eb75f9940ada2a0fdd420f57b13) with a map
of the affected area was obtained on ArcGIS from American Water (AMWater) in the form of a
featured

layer

called

“Zone

25”

(retrieved

on

May

1,

2019

https://www.arcgis.com/home/item.html?id=d5a8efd74399455381729f81697c1bec).

from

This map

had been used by the water utility to communicate the pressure zone lifting of the “Do Not Use”
water ban (Jordan, 2014a) and appears to be similar to the map provided by West Virginia
American Water (WVAW) for previous health outcomes studies related to the leak (S. M. Benson
et al., 2018). Demographics pertaining to race and income level for the affected census tracts were
obtained using the U.S. Census Bureau’s 2014 American Community Survey 5-Year Estimates,
Data Profiles: Selected Economic Characteristics, and Detailed Tables: Race (retrieved April 24,
2020 from https://www.census.gov/acs/www/data/data-tables-and-tools/).
We created a variable for People of Color. This was estimated by subtracting the count of
White alone population from the count of the total population for the census tracts. A list of census
tracts is outlined in Table C1 (Appendix C).
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4.3.2 Analysis of Emergency Room Medical Records
4.3.2.1 Sample
We obtained de-identified medical records associated with exposure to MCHM from
January 9 to 23, 2014 by data use agreement from the West Virginia Bureau for Public Health
(WVBPH), Office of Epidemiology and Prevention Services, Division of Infectious Disease
Epidemiology and the CDC Division of Viral Hepatitis. The variables available in this data set are
listed in Table A1 (Appendix A). Inclusion criteria are described in detail in Section 2.3.1 of
Chapter 2. West Virginia University’s Institutional Review Board determined that this study did
not meet the definition of human subject research (protocol #1906618039).
4.3.2.2 Sample Classification
This study had three main outcomes of interest: 1) presence or absence of a respiratory
health outcome, and 2) emergency room (ER) visit date before and after the flushing intervention,
and 3) presence or absence of asthma history. Our defining criteria for respiratory health outcomes
are described in Section 2.3.2 of Chapter 2, and the timeframe of before and after are described in
Section 3.3.2 of Chapter 3. We used a variable preassigned to the dataset by CDC/ATSDR and
WVBPH for our asthma history variable.
4.3.2.3 Measures
Independent variables used to describe the dataset were 1) routes of exposure attributed to
the case, 2) points of contact with contaminated water, and 3) demographics including sex (male,
female, blank), age, race (American Indian/Alaskan Native, Asian, Black, Native Hawaiian/Pacific
Islander, White, not available, and other), ethnicity (not Hispanic, not available, blank), insurance
status (Medicare/government, private, not available/blank, none) and medical history (asthma,
chronic obstructive pulmonary disease [COPD], tobacco use, cancer, congestive heart failure,
diabetes,

depression,

hypertension,

myocardial

infarction,

breastfeeding,

pregnant,

gastroesophageal reflux [GERD]). Definitions for routes of exposure and points of contact
variables are described in Section 2.3.3 of Chapter 2.
For modeling, we only measured race differences between Black and White residents.
Since no variable that existed in the dataset that specifically addressed income level, we created a
new variable called “government insurance” that indicated absence or presence of
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Medicare/government insurance using information from the primary insurance variable in the
existing dataset. Since Medicare is automatically available to all residents and permanent citizens
at age 65 or older regardless of income level (U. S. D. o. H. H. Services), we analyzed this variable
with restriction of government insurance under age 65 as a proxy to indicate low-income status
(hereafter referred to as “low-income”). The primary variable of interest within the medical history
category was asthma.
4.3.2.4 Data Analysis
Poisson regression was used to compare rates of ER visits with reported exposure to the
water contamination within different demographic conditions. In the primary analysis, rates of
reported exposure among ER visits resulting in an RHO within race and within government
insurance status under age 65 were compared 1) by timeframe, before (January 9-12) and
after/during (January 13-23, 2014) the flushing intervention, and 2) regardless of timeframe.
Secondary analyses assessed rates of ER visits within different subsets of the population.
The main predictors of interest were 1) Black and White races, 2) government insurance status
under age 65, 3) history of asthma, 4) each individual route of entry, 5) each individual point of
contact, and 6) before/after flushing. Since participants could have had multiple interactions, each
interaction was entered as an indicator (presence/absence) in a separate model to identify if the
counts differed within the particular interaction.
Where applicable, additional analyses using Poisson regression were conducted to
determine statistically significant differences over time between two-day periods before and
after/during the flushing intervention. This analysis compared rates of one baseline two-day period
to other two-day periods.
Due to limited sample size, statistical significance was judged using two-sided tests at an
alpha level of 0.1 (p ≤ 0.1). Standard errors used in significance testing were calculated using
conventional methods because it was not feasible to calculate robust standard errors using a single
set of counts. Statistical tests were omitted if counts in one or more groups had less than five
observations.
Data were cleaned, coded and analyzed using Microsoft Excel for Mac (version 16.31) and
R version 3.6.2 (R Foundation for Statistical Computing) (Team, 2017).
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Section 4.4 Results
4.4.1 Demographic Analysis of the Affected Area
Figure 3 shows map of the area affected by the Elk River chemical leak (in red) and the
census tracts affected. Ten counties with a total population of 334,141 and 83 census tracts,
whether in whole or part, were identified as being affected by the leak: Boone (n=8; all for the
county, population 24,257), Cabell (n=3, population 17,605), Clay (n=2, population 7,198),
Jackson (n=1, population 8,063), Kanawha (n=53; all for the county, population 191,765), Lincoln
(n=2, population 10,571), Logan (n=1, population 4,679), Mason (n=1, population 4,895), Putnam
(n=10, population 56,356), and Roane (n=2, population 8,752).

Figure 3. Map of the area affected by the Elk River chemical leak and overlapping census
tracts. The area highlighted in red is the outline of the area described by WVAW as affected by
the Elk River chemical leak. The areas outlined in blue are the 83 corresponding census tracts
that either completely or partially included the affected region for which demographics have
been analyzed.
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Table 4 shows the results of our census analysis demonstrating that 21% of the state's
population of People of Color were affected by the Elk River leak compared to 17.8% White. In
comparison, Whites affected by the Elk River chemical leak visited the ER at rates higher than the
national average compared to affected Blacks who visited the ER at rates lower than the national
average, although we did not test the significance of these differences. Table C2 (Appendix C)
shows additional utilities supplying water to the region shown as affected in Figure 3 as well as
the numbers of people they serve. The population totals in Table 4 include the population counts
listed in Table C2 (Appendix C) since there was no clear way to identify the geographic boundaries
serviced by these additional water suppliers and thus the demographics they serve.
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Table 4. Census analysis of region affected by the 2014 Elk River Chemical Leak. ª

Demographic
Breakdown
Total Population
White Alone
All People of Color4
Black Alone
Other5

West
Virginia
Census1
1,853,881
1,735,816
118,065
59,129
58,936

Rate of
Total
Population
93.6%
6.4%
3.2%
3.2%

Affected
Population2
334,171
309,389
24,752
9,187
15,565

Rate of
Total
Affected
Population
92.6%
7.4%
2.7%
4.7%

Rate of
Affected
Population by
Demographic
(% of row)
18.0%
17.8%
21.0%
15.5%
26.4%

ER
Visits
373
287
84
66
18

Rate of
Total
ER
Visits
76.9%
22.5%
17.7%
4.8%

National
Rate of
ER Visits
20143
100%
69.2%
27.3%
3.5%

ª Census analysis showing that 21% of the state's population of People of Color were affected by the Elk River leak compared to

17.8% White. Yet, Whites affected by the Elk River chemical leak visited the ER at rates higher than the national average compared
to affected Blacks who visited the ER at rates lower than the national average. [1] Population Counts from US Census Bureau, 20102014 American Community Survey 5-year Estimates. Data Profiles: Selected Economic Characteristics, and Detailed Tables: Race. Retrieved
April 24, 2020 from https://www.census.gov/acs/www/data/data-tables-and-tools/. [2] Affected census tracts imputed from West Virginia
American
Water
Map
used
to
communicate
"Do
Not
Use"
order.
Retrieved
May
1,
2019
from
https://www.arcgis.com/home/item.html?id=d5a8efd74399455381729f81697c1bec. This total may be overestimated due to two factors. The
first is that that some census tracts may have only partially been affected by contaminated water. The second is that multiple areas within the
map had a different water source and were not affected by the leak. These include that the cities of St. Albans (12,726 population served), the
city of Hurricane (8,248 population served), Putnam Public Service District (21,719 population served), Cedar Grove (960 population served),
and East Bank (978 served) and possibly others that were included on the map as having been affected when their public water supply was not
affected by the leak. Source: U.S. Environmental Protection Agency. Drinking Water Mapping Application to Protect Source Waters
(DWMAPS). Drinking Water Providers. Retrieved May 1, 2019 from https://www.epa.gov/sourcewaterprotection/drinking-water-mappingapplication-protect-source-waters-dwmaps. [3] Source: National Hospital Ambulatory Medical Care Survey: 2014 Emergency Department
Summary Tables. Retrieved March 15, 2020 from https://www.cdc.gov/nchs/ahcd/web_tables.htm#2014. [4] Includes Black or African
American, American Indian/Alaskan Native, Asian, Native Hawaiian/Pacific Islander, other races, and two or more races. [5] Includes
American Indian/Alaskan Native, Asian, Native Hawaiian/Pacific Islander, other races, two or more races.
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4.4.2 Descriptive Analysis

4.4.1.1 Overall and Points of Contact
Table C3 (Appendix C) shows counts of overall ER cases classified as exposed to MCHM
as well as the ways in which people reported coming into contact with the water by demographic.
More women (n=220), ages 35-54 (n=154), white race (n=287), non-Hispanic (n=196), people
with Medicare and government insurance (n=190) and people with tobacco use history (n=113)
reported exposure related to symptoms among ER visits than all other insurance category (N=372).
Chronic respiratory diseases comprised of 67 cases (18%) out of ER visits with reported exposure.
There were eight women who were pregnant or breastfeeding that reported exposure among all
ER visits.
Drinking and eating points of contact had the highest reported exposure counts across
almost all demographics. Shower Combo surpassed drinking and eating points of exposure among
women (n=80), ages 35-54 (n=65), ages 55-64 (n=23), ethnicity not available (n=21) or blank
(n=52), people with private insurance (n=48), people with asthma history (n=19), people with
depression history (n=12), people with hypertension history (n=40), people with gastroesophageal
reflux disorder (GERD, n=13).
People with Medicare or governmental insurance had the most reported exposures
associated with the Shower Combo points of contact (n=72) and for the drinking and eating (n=90)
points of contact. People over age 65 and older (n=12) and children under 5 (n=10) had highest
reported points of contact with drinking and eating, and shower combo (65+ n=10 for 65+, n=8
for children <5). People between ages 35 to 64 comprised of 76% (n=45) of all flush combo cases.
The most frequently reported medical history category was tobacco use (n=113) followed
by hypertension (n=101).

Although tobacco use (n=113) was the frequently reported medical

history categories in our dataset, hypertension (n=101) had the highest reported counts of
showering (n=30), shower combo (n=40), and for flush combo (n=18) points of contact. Tobacco
use had the highest counts for the drinking and eating (n=16) and other combined (n=16) points of
contact. Among those with reported history of COPD (n=25), drinking and eating (n=10), and
shower combo (n=9) had the highest counts of points of exposure.
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4.4.1.3 Routes of Exposure
Table C4 (Appendix C) shows routes of exposure reported among ER visits classified as
exposed to MCHM by demographics. Skin and inhalation routes of exposure (n=108 equally) were
related to more exposures for women than all other routes of exposure. Children under 5 had
slightly more reported cases related to skin contact (n=13) than other routes of exposure. The same
was the case for people over 65 (skin contact n=14). Whites reported higher cases with inhalation
(n=149) and skin contact (n=147) routes of exposure while Blacks reported higher cases of
ingestion-related (n=30) the skin contact (n=28) routes of exposure. The routes of exposure with
the highest counts for people with Medicare or government insurance were ingestion (n=93) and
skin contact (n=92). There were higher cases of inhalation routes of exposure (n=73) than other
routes of exposure for people with private insurance. Skin contact (n=32) and ingestion (n=28)
were the routes of exposure with the most associations of ER visits among those with no insurance.
For people with history of asthma, inhalation (n=27) had the highest counts for all routes of
exposure followed by skin contact (n=24). For those with COPD history, inhalation (N=14) was
the prominent routes of exposure followed equally by ingestion and skin contact (n=10,
respectively). Skin contact (n=57) followed by inhalation (n=53) routes of contact were the routes
of exposure with the highest counts for those with tobacco use history. Inhalation (n=51) and skin
contact (n=50) were the routes of exposure with the highest counts for people with history of
hypertension.
Among the medical history categories analyzed in this dataset, the highest counts for
inhalation (n=182) and skin exposures (n=186) were among people with tobacco use history (n=53
and 57 respectively), hypertension history (n=51 and 50 respectively) and people with asthma
(n=27 and 24 respectively). People with tobacco use (n=48), hypertension (41) and diabetes
(n=24) histories had the highest counts among all medical histories for ingestion routes of
exposure. Inhalation (n=213) followed by skin contact (n=204) routes of exposure were associated
with the most cases among all cases with medical histories reported in this dataset.
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4.4.3 Analytical Results
Table 5 shows the demographic analysis of RHOs and medical history of asthma reported
among people who visited the ER with MCHM exposure before and after the flushing intervention
which shows that low-income Black residents had higher rates of RHOs and history of asthma
compared to similarly situated White residents.
Table 5. Demographic analysis of RHOs and medical history of asthma reported among people
who visited the ER with MCHM exposure before and after the flushing intervention.
Income Status
Low-Income 5

All
Black

White

p-value

Black

White

p-value

32%1

36%1

0.64

57%2

31%2

0.08

Before 7

52%2

40%2

0.44

35%4

27%4

0.58

After 8

48%2

60%2

0.50

33%3

22%3

0.40

Asthma History

15%1

14%1

0.76

17%1

14%1

0.06

Before 7

17%4

10%4

0.31

-

-

-

After 8

14%3

16%3

0.90

-

-

-

1

1

-

-

-

-

RHOs 6

Low-Income

53%

46%

1

Rate of total ER visits within race
Rate of total RHOs within race/insurance status
3
Rate of total ER Visits within race/insurance status in after timeframe
4
Rate of total ER Visits within race/insurance status in before timeframe
5
Reported as government insurance status under age 65.
6
RHOs = respiratory health outcomes
7
"Before" indicates January 9-12, 2014, the timeframe between before the flushing intervention was
implemented to decontaminate the water supply.
8
"After" indicates January 13-23, 2014, the timeframe after the flushing intervention was initiated.
2

When comparing RHO differences between races, we found that there was a higher rate
(p=0.44) of RHO cases among Blacks before the flushing procedure (52%, n=11) than there was
for Whites before (40%, n=41). This scenario was opposite after the flushing procedure where
Whites had higher rates (p=0.5) of RHOs among all Whites (60%, n=61) than Blacks had among
Blacks (48%, n=11). Overall, there were higher rates (p=0.64) of Whites with RHOs among all
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Whites who visited ER visits with reported exposure (36%, n=102) than there were Blacks among
all Blacks (32%, n=21).
We analyzed for the RHO differences between races by low-income income status. When
comparing rates of RHOs in low-income Blacks among all Blacks with RHOs to low-income
Whites with RHOs among all Whites with RHOs, there was a significantly higher rate (p=0.08)
for Blacks (57%, n=12) than Whites (31%, n=32). Within the timeframe before the flushing began,
there were higher rates (p=0.58) of low-income Blacks with RHOs (35%, n=17) than there were
rates of low-income Whites with RHOs (27%, n=59). Within the timeframe after the flushing
began, there were higher rates (p=0.4) of low-income Blacks with RHOs (33%, n=6) than there
were rates of low-income Whites with RHOs (22%, n=16).
Pertaining to asthma history, when comparing before and after the flushing intervention
began, there was a higher rate (p=0.31) of asthma history among Blacks (17%, n=5) who visited
the ER than there was among Whites (10%, n=11). It was the opposite after the flushing began.
After the flushing intervention began, Whites had higher (p=0.9) rates of asthma history (16%,
n=28) than among Blacks (14%, n=5), but not significantly higher. There were higher rates
(p=0.76) of Blacks with a history of asthma (15%, n=10) than there were Whites with a history of
asthma (14%, n=39). Among low-income individuals by race, there was a significantly higher
rates (p=0.06) of Blacks with asthma history (17%, n=6) among all low-income Blacks with than
there were low-income Whites with asthma history (14%, n=18).
Our two-day analysis had counts too low to produce enough power to detect significance
across all categories. Two-day counts and rates are instead plotted in Figures C1 and C2 in
Appendix C.

Section 4.5 Discussion
4.5.1 Census Analysis
The number of people reported as having been affected by the Elk River chemical leak has
consistently been reported as 300,000 people. This analysis helps us better understand the
demographics of those 300,000 people, but the analysis is not without its limitation.
The Zone 25 ArcGIS map produced by American Water is one of the best available tools
to analyze the demographics of the impacted area. However, there are many areas highlighted on
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the map as being affected that had separate water supplies and were not directly contaminated by
the flushing process. This may overestimate effect in the census analysis by nearly 45,000 people
as demonstrated in Table C2 (Appendix C). Likewise, census data was based on 5-year estimates
for entire census tract. Many of the census tracts impacted may have only been partially impacted,
particularly some of the areas at the end of the water distribution line. This also would have
inflated the numbers of people affected. We used census data that only includes residential data
and not the number of businesses located in the affected area nor the workers of these affected
businesses unless they reside within an affected census tract. This population may offset some of
the overestimation, although we did not attempt to better understand this issue as our goal was to
have a better understanding of the racial makeup of the area.
It is also possible that the areas included in the map that were not serviced by WVAW
could have been secondarily impacted by discharge from flushing wastewater upstream into
waterbodies such as the Coal River, which is the source for the St. Albans municipal water supply.
Testing conducted there did not indicate there was cause for concern (Marks, 2014).

4.5.2 Vulnerable Population Assessment
There are a number of ways to assess demographics. We found that the most effective
approach for understanding demographic differences that elucidate health disparities in our limited
dataset was to assess rates within demographic (e.g. rates of Blacks with RHOs among all Blacks
compared to rates of Whites with RHOs among all Whites as opposed to rates of RHOs in Blacks
among all ER visits) and then compare one group rate to the other rate. This allowed us to “cut
through the noise” to see what was happening among a particular demographic on a comparable
scale to the other which is how we were able to detect that low-income Black residents had higher
rates of asthma history and of RHOs than similarly situated White residents. Simply reporting or
comparing counts between groups, like what is depicted in Figure C1, would have not been helpful
in understanding racial health disparities since there are much higher counts of White residents
overall who were affected by the leak. Figure C2 depicts within demographic analysis compared
to other demographics which is a better means of comparison for highlighting trends among
marginalized groups (Gwynn & Thurston, 2001). In areas of the country where there are smaller
populations of People of Color, as there are in West Virginia and throughout much of Appalachia,
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such a vulnerable population approach to demographic assessment is essential, as taking a
population-based approach can mask experiences which may occur differentially and perpetuate
Black invisibility (Cabbell, 1985). Figure C1 shows this overshadowing effect.
We did not measure for significance for any of the two-day analyses due to low counts.
However, clear patterns seemed to emerge when looking at rates within demographics among the
outcome of interest over time. There is an uptick in cases for at least one two-day period after the
flushing intervention is initiated consistently across all routes of exposure and points of contact
even though rates typically eventually dissipate.
Simultaneously collecting medical records from the hospitals as the exposed population of
a group that can serve as a control group by which to compare the effects of chemical exposure
would have allowed for more comparisons and should be a practice to consider during future
Assessment for Chemical Exposure (ACE) investigations.

4.5.3 Reporting Differences in ER Visits
We reported in Chapter 3 some potential reasons for differences in rates of ER visits in the
timeframe before the flushing as opposed to after. These include that hospitals requested people
not come to the ER for anything other than emergency care (Ward Jr & Gutman, 2014), elective
surgeries were cancelled on January 11 (Ferrell Smith, 2014; Ward Jr & Gutman, 2014) and that
cultural stigma may have been associated with visiting the ER (Molenda & Mays, 2014).
However, there are a myriad of other reasons why we may have seen differences in ER visits with
reported MCHM exposure before and after the flushing intervention.
It was much easier to detect trends among Whites in this dataset simply due to the fact that
there are higher counts of Whites represented in ER visits. Whites comprised of 76.9% of all ER
visits, which is higher than the 69.2% national trend in 2014 (Table 4). Our census tract analysis
showed that in the affected population, the areas with median incomes over $50,000 on average
are comprised of less than 10% People of Color (data not shown). This suggests that, within the
affected region, the economic wealth is concentrated in White communities, corresponding to the
national trend (McIntosh, Moss, Nunn, & Shambaugh, 2020). Given that the water contamination
was distributed across socioeconomic status and affected even affluent communities who are not
as subject to the same effects of industrial pollution as their lesser affluent counterparts (R. Bullard,
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et al., 2008; Robert D Bullard, 1994; Orum, et al., 2014), it is possible that there could have been
an increase in ER visits by White individuals with higher incomes. This may be true particularly
since people with high social status, are more likely to trust social systems than those with lower
social status (Newton, 2001) and more likely to trust a physician or health care professional
(Richardson, Allen, Xiao, & Vallone, 2012) and be treated better by physicians (Green et al.,
2007).
On January 15, two days after the flushing began and many people were given the “allclear” to use the water, the CDC issued an advisory that pregnant women should avoid using the
water (B. f. P. Health, 2014; Kersey, 2014a). The water wasn’t declared “safe” by CDC until
February 21st, over a month after the initial leak (Piltch-Loeb, Savoia, Wright, Gupta, & Stoto,
2018). This created confusion, concern and fear among many (Kersey, 2014a; WVFREE, et al.,
2014). It also reaffirmed already existing mistrust in government officials, including health
officials (Piltch-Loeb, et al., 2018) and could have played a role the numbers reflected in the
dataset. However, this likely would not explain all of the demographic differences in ER visits.
As we see in Table 1, the population affected comprised of over 20% of the state’s
population of People of Color. Black residents, in particular, comprised approximately 17.7% of
all ER visits with reported exposure to the water contamination. This is much less than the 27.3%
national rate of ER visits for Blacks. One explanation for this disparity could be the current
demographic trends in rural ER use suggesting significant increase in use for non-Hispanic white
patients but not Blacks (Greenwood-Ericksen & Kocher, 2019). However, Black and Hispanic
children with equal access to care as White children are more likely to have ER visits that are
asthma-related as well as hospitalizations that could be avoided (Stewart et al., 210). Another
reason could be that Black residents simply weren’t as affected as White residents, however, the
evidence we outlined in this chapter’s Introduction points to the contrary and would only partially
explain why fewer Blacks are represented in this dataset.
There are a number of other explanations for why there were fewer Black residents with
documented cases reporting MCHM among ER visits compared to the national average that center
around the effects of institutionalized racism (Jones, 2002). There is historical mistrust of
government and public health agencies is greater among poor communities and communities of
color due to historical treatment (Robert D Bullard & Wright, 2012; DeBruin, et al., 2012; D.
Miller & Rivera, 2006; Rowel, et al., 2009). Persistent institutionalized and other acts of racism
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“invisibilize” the experiences of people of color by denying social legitimacy (Franklin & Boyd‐
Franklin, 2000), even in medical settings (Suite, La Bril, Primm, & Harrison-Ross, 2007). Implicit
bias guides medical treatment recommendations which often leave people of color untreated or
insufficiently treated (Green, et al., 2007; Sabin & Greenwald, 2012). The effects of this
institutionalized racism can result in intergenerational and historical trauma and can manifest in
people of color being suspicious of the intentions of people in power (Boyd-Franklin, 2010),
including medical professionals (Moseley, Freed, Bullard, & Goold, 2007).
Another explanation could be attributed to the long legacy of environmental racism (Robert
D. Bullard, 1994). According to our census analysis, the area affected by the Freedom Industries
Elk River chemical leak and subsequent water contamination has some of the highest
concentrations of People of Color in West Virginia (data not shown). Kanawha County, the county
with the most people affected by the leak (n=191,765, 57.4% of all affected), also has the highest
number and rate of People of Color (POC) in the state (18.2% of all WV POC).

The

unincorporated town of Institute (Robert D Bullard, 1994; Purifoy, 2013), which is situated in
Kanawha County, has the highest concentration of People of Color by census tract in the state
(63%). EPA’s 2014 National Air Toxics Assessment (NATA) ranked Institute’s census block as
having the 25th highest cancer risk in the country related to air toxics (Agency, 2014b; Sharon
Lerner, 2019).
Institute is home to a historically Black university and has experienced disproportionately
higher concentrations of air toxicants due to the cluster of chemical processing, storage and
manufacturing that exists in the area than most other areas in the area nicknamed “Chemical
Valley” (Osnos, 2014). Along their fenceline sits the old Union Carbide factory that was
considered the sister plant to the plant in Bhopal, India, that, in 1984, released more than 40 tons
of methyl isocyanate (MIC) that killed thousands of people acutely and affected the health of many
thousand over the long term (Varma, 1986). A leak of aldicarb oxime that occurred at the Institute
Union Carbide chemical plant only eight months after the “Bhopal Disaster” sent 136 people to
the hospital (Baron, Etzel, & Sanderson, 1988; Press, 1985).

These incidents sparked the

development of the Federal Emergency Planning and Community Right-to-Know Act (EPCRA)
(Purifoy, 2013) and the Risk Management Program under the Clean Air Act (Chemical Safety in
Your Community: EPA’s New Risk Management Program, 1999). Although other companies
transitioned to using inherently safer processes so as to reduce the hazard of MIC to their workers

79
and communities such as the DuPont facility in LaPort, Texas, Institute remained the only place
in the world that continued to manufacture and stockpile massive amounts of MIC for more than
25 years after the Bhopal Disaster (National Research Council, Committee on Inherently Safer
Chemical, & Division of Earth and Life, 2012). It was used to produce carbamate pesticides which
have since been banned by the EPA due to their neurotoxic and unacceptable dietary risk to
children (Cone, 2010). Multiple chemical leaks occurred in this community over the years.
Institute is a community that has long suffered from the disproportionate effects of
chemical manufacturing (Robert D Bullard, 1994; Purifoy, 2013), so the effect of the Elk River
chemical leak was not an isolated exposure experience (Button & Eldridge, 2016) but would rather
contribute to the ongoing cumulative chemical health threats that disproportionately burden this
community (Nye & Shadaan, 2017). Sue Davis and Donna Willis, two life-long residents of
Institute, best explained the historical and cumulative experiences of their community in their
public comments to the United States Chemical Safety Board about the 2008 Bayer CropScience
explosion, a chemical disaster that occurred in their community only 5 ½ years before they were
affected by the Elk River chemical leak.
Related to long-standing mistrust from denied racism and experience in having health
concerns dismissed (Feagin & Bennefield, 2014), Ms. Davis said:
“I'm a lab rat. I've been a lab rat for 60-some years, starting when
the first US government rubber plant was brought here. How in the
world did they find this community when Institute was not on
anybody's map? Someone had to look for some lab rats. It has been
that way ever since, ever since, and it's only getting worse.
You know what I think of being a lab rat because when I look at a
lot of the MSDS sheets, they don't have any stats. They say known
to cause cancer in rats, and they're talking about the ones that crawl
on the ground. But the long-term effects on humans, not yet known
-- not yet status. Those two awful letters, capital N-E – none
established, no permissible level exposure established. So they're
testing through us…
…you said that you've done all that you can to assure that this kind
of thing will not happen again. I have heard that for 40 years and it
continues to happen.
…when I was pregnant with one of my children, my youngest…I
stayed in a house on Lincoln Avenue and I was upstairs and in the
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middle of the night, this awful smell had filled that house as it does
all the time in the same smell -- all the time.
I was so sick, I couldn't walk. I couldn't turn. It was terrible. I
somehow managed to contact the plant. I think that was probably
one of my first calls to that plant. I asked them, I said what on earth
do you have in the air? I said it is all in my house. I said I am
pregnant. I don't know what to do. Is it going to harm my child? Do
I need to get up and go to the doctor? He said I'll call you right back
and I'm still waiting and she's 28 years old now.
They [Bayer CropScience] are in this country because they know
that our country will allow them to do [produce hazardous
chemicals] in this nation what their own government will not let
them do in their own nation” -- Sue Davis (Bayer CropScience
Explosion and Fire Public Meeting (Transcript), 2009).
Ms. Willis describes an experience of having chemical exposure discounted and reassigned
to poor lifestyle choices, an example of legitimacy denied that reinforces lack of trust in medical
community (Williams, Yu, Jackson, & Anderson, 1997):
“As a resident of Institute for 54 years, I have been through the
blowing out of windows by Carbide and the chlorine leak in Carbide
and the numerous other leaks of Carbide and Rhone Poulenc and
Aventis and Bayer and -- I just want to know how much chemicals
can the human body take and not show some physical effect that's
not associated -- to cigarettes?...” – Donna Willis (Bayer
CropScience Explosion and Fire Public Meeting (Transcript),
2009)
She further describes environmental racism long ignored by governmental officials (Robert
D Bullard & Wright, 2012):
“The concern that I have is that a lot of people believe that they can
put things in black communities and think that we're nothing… For
years, we have sat up here and we have listened and we have
watched people ignore Institute …
So that kind of stuff really irritates us, but it so good to see the
representatives from the county commission here because they
know we've been through this the last 40 years. They never once
spoke up for us...” -- Donna Willis (Bayer CropScience Explosion
and Fire Public Meeting (Transcript), 2009)
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Another community affected by the Elk River leak that is predominantly White but
experiences similar social marginalization is Prenter, West Virginia, a coal community in more
rural Boone County whose drinking water was originally supplied primarily by wells. In 2012,
residents of the community settled a lawsuit against Alpha Natural Resources for well water
contamination related to coal slurry, a mining practice they described as making them sick. After
transitioning off of the well water, their water system was replaced by the same West Virginia
American Water supply that was contaminated by the Elk River chemical leak. Prenter resident
Maria Stewart Lambert said that, the licorice smell (attributed to MCHM) coming from their tapwater recently is the same, "... very sweet, stomach-sickening odor we endured eight years ago"
(R. Johnson, 2014a).
While we do not know whether the experiences of these women are generalizable to others,
there have clearly been many experiences of place-based institutionalized racism (R. Bullard, et
al., 2008; Robert D Bullard, 1994; Robert D Bullard & Wright, 2012) and classism (Burns, 2007;
2009; Duhigg, 2009) entrenched in industrial pollution and inequitable power relationships
(Gaventa, 1982) in the area affected by the Elk River chemical leak that have bearing on the health
experiences of the population not previously been considered when assessing the health outcomes
of this leak.
These community voices provide an important perspective on the historical trauma of the
structural violence from industrial pollution (Peña, 2011) that contributes to the health of the
community and its cumulative health inequities. They offer an important lesson for health
disparities researchers and public health practitioners in the value of pairing qualitative data with
quantitative to inform data analysis and public health strategies to eliminate health disparities and
achieve health equity and justice.
The U.S. Chemical Safety and Hazard Investigation Board (CSB) made recommendations
to the Kanawha-Charleston Health Department (KCHD), the West Virginia Department of
Environmental Protection and the West Virginia Department of Health and Human Resources to
establish a chemical release prevention program following multiple chemical disasters in the
Kanawha Valley (Board, 2011, 2017; United States Chemical Safety and Hazard Investigation,
2011), which also served as the epicenter for the Elk River chemical leak. In the aftermath of the
leak, a multi-sector task force developed a localized roadmap for how to implement this federal
recommendation using a community-based participatory process. The recommendation was made
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to the state legislature following a December 2016 meeting of the Public Water System Supply
Study Commission (PWSSSC) (Gupta, 2015), a commission established in direct response to the
Elk River chemical leak.

Enacting this program and similarly localized chemical release

prevention programs across the country would go a long way in closing the health inequity gap.

4.5.4 Health Disparities Surveillance
Persistent and legacy environmental contamination issues that disproportionately and
adversely affect the health of socially marginalized communities are disasters that unfold slowly
over time. Yet there is no systematic surveillance system in place that monitors environmental
health, which includes the occupational environment, or seeks to capture information that would
evaluate the effectiveness of public health’s disaster response on environmental health disparities
(Malilay et al., 2014). Without such surveillance, it is difficult to effectively gauge how disaster
management systematically interacts with the social determinants of health in achieving our
nation’s overarching goals for public health to eliminate of health disparities and achieve health
equity (U. S. D. o. H. a. H. Services). One way could be by masking the adverse experience of
particularly marginalized communities simply by not measuring them. Another could be by
assigning poor lifestyle choices as risk factors rather than institutionalized racism and classism as
systems of oppression that perpetuate inequitable social conditions that increase stress and make
it difficult for health to thrive such as was described by Ms. Willis (Navarro, 2004; Williams, 2018;
Williams, Lawrence, & Davis, 2019; Williams, Lawrence, Davis, & Vu, 2019; Williams &
Mohammed, 2009). Either way, further research in this area is needed.

Section 4.6 Conclusions
In this study, we characterized demographic differences in respiratory health outcomes
among the population affected by the 2014 Elk River chemical leak and subsequent large-scale
drinking water contamination.

We described adversities previously uninvestigated and

undocumented and analyzed differences among race and income status and whether or not preexisting asthma mediated ER visits among these groups. Our results showed that low-income
Black residents had higher rates of asthma history and of RHOs than similarly situated White
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residents, suggesting that they bore the disproportionate burden of adverse respiratory health
outcomes attributed to the Elk River chemical leak despite public health interventions to minimize
exposure. Building on previous studies, these results suggest that public health interventions
disproportionately increased the MCHM exposure burden for vulnerable populations, though
further studies are needed.
The reduction of environmental exposures among low-income communities and
communities of should be a national priority. To achieve this, we recommend a three-prong
approach to governmental officials whose charge is protecting human health:
1. Integrate a systematic health equity assessment of disaster management practices into the
National Incident Management System (NIMS) framework as part of the after-action
planning evaluation. This assessment should be developed with community partners and
must take a vulnerable population approach so as not to further marginalize. It should
embrace both qualitative and quantitative methods including the use of key interviews with
trusted community leaders. If properly designed, this tool can reduce inequitable and
disproportionate environmental exposures and subsequent treatment from disasters and
thereby contribute to environmental justice.
2. It is beyond time that nationally integrated occupational and environmental health
surveillance network is established to monitor the cumulative health impacts of
communities disproportionately burdened by industrial pollution and disasters.
3. Enact the West Virginia Chemical Release Prevention Program and similarly localized
chemical release prevention programs across the country.
These measures would go a long way in preventing environmental disasters that
disproportionately burden socially marginalized populations and in closing the health inequity gap
and achieving environmental and health justice for low-income communities and communities of
color.
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Chapter 5 Conclusions and Summary of Future Research
“Absence of evidence is not evidence of absence.” –Unknown Origin
Section 5.1 Overall Conclusion
Six years after President Clinton’s Executive Order #12898 on Environmental Justice
(Clinton, 1994), and over 25 years after the Civil Rights Act of 1964 was passed, the Department
of Health and Human Services initiated the Healthy People 2010 initiative which set out with the
mission to increase quality and years of healthy life and to eliminate health disparities. Despite
this decades old goal overarching the national health agenda, socioeconomic and racial/ethnic
disparities in U.S. population health continue to widen (National Center for Health, 2016; Singh
& Kogan, 2007; Singh & Siahpush, 2006). Communities of color and low-income communities
bear the disproportionate burden of environmental hazards. They have higher exposure to poor
housing quality (R. Morello-Frosch, et al., 2011), reside in areas with high vehicle traffic (Chang,
et al., 2009; Delfino, 2014; Houston, et al., 2004), live near hazardous waste sites (Robert D
Bullard, et al., 2007; Justice, 1987; Norton, et al., 2007) and disproportionately near polluting
facilities (R. Bullard, et al., 2008; Chakraborty, et al., 2014; Elliott, et al., 2004; Justice, 1987;
Steve Lerner, 2010; Rachel Morello-Frosch & Jesdale, 2006; Norton, et al., 2007; Orum, et al.,
2014; Pastor, et al., 2005). They also experience more chemical disasters simply because they
reside in closest proximity to hazardous chemical facilities (Chakraborty, et al., 2014; Elliott, et
al., 2004; Steve Lerner, 2010; Orum, et al., 2014). All of these social determinants of health foster
respiratory morbidity such as asthma (Schraufnagel, et al., 2013; Ware, et al., 1993). This key
measure of the health equity gap serves as the main framework underpinning our investigation.
The objective of this dissertation was to determine how governmental disaster risk
management policies and/or practices implemented during the Elk River chemical leak increased
health inequity burden. We examined this topic by 1) characterizing respiratory health outcomes
(RHOs and associated exposure pathways and comparing them to the health hazards identified by
governmental agencies involved in disaster management to provide a more complete description
of RHOs associated with the Elk River chemical leak; 2) examining the relationship between
timeline of the flushing intervention and RHOs; and 3) investigating the relationship between
RHOs and socially marginalized populations. We hypothesized that 1) RHOs and inhalation
exposure were more prominent among MCHM exposure cases than previously revealed in the
peer-reviewed literature; 2) the number of acute respiratory diagnoses from emergency room (ER)
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records associated with the Elk River chemical leak were higher in the days following the
plumbing flushing (January 13 -23, 2014) than in the days immediately following the leak (January
9-12); and 3) there are higher rates of RHOs among low-income Blacks and Blacks with a history
of asthma than similarly situated Whites overall and following the flushing intervention.’
In Chapter 2, we found that 1) RHOs made up one-third (n=126) of all ER visits with
reported MCHM exposure, 2) RHOs were most attributed (52%) to inhalation, and 3) aside from
drinking and eating, more cases were attributed to flushing and ambient odor exposure, a wateruse that was not anticipated by public health officials to produce health threats. These findings
contributed health outcomes data to support previous research (Casteloes, et al., 2015; OmurOzbek, et al., 2016; A. E. Sain, et al., 2015b; A. J. Whelton, et al., 2015) which suggested that the
public health intervention used during the Elk River chemical leak were insufficient for protecting
the respiratory health of the affected population.
Results of our Chapter 3 analysis further supported these findings as we found that there
were significantly more ER visits with RHOs attributed to the timeframe after the flushing
intervention was implemented as opposed to before. We also found that there were significantly
more RHOs among those with inhalation (p=0.09) and flushing/ambient odor (p=0.01) exposure
after the flushing intervention than there was before. There were no other exposure pathways with
statistically significant increases in counts after the flushing began except for skin contact which
was only a marginally significant increase. These results further support that the flushing
intervention was more hazardous to human health, specifically respiratory health, than
initially expected.
When we assessed the demographics of the region affected by the Elk River chemical leak
and respiratory morbidity in Chapter 4, we found that the area impacted by the Elk River chemical
leak had some of the highest concentrations of People of Color in the state of West Virginia. We
found that the rate of Black residents who visited the ER with reported MCHM exposure was much
less than the national average compared similarly to the rate of White residents who visited the ER
with reported MCHM exposure at rates higher than the national average. We also found that lowincome Black residents were more likely than similarly situated White residents to have an RHO
attributed to an ER visit with reported MCHM exposure. Additionally, low-income Black
residents with pre-existing asthma were more likely to present in the ER with reported MCHM
exposure than similarly situated White residents.
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The qualitative and quantitative data in this chapter provides further evidence that
communities of color, like those residents in Institute, West Virginia, continue to experience
legitimate health and safety concerns after chemical exposures, barriers to accurate information
detailing steps to minimize risks to exposure, and concerns about seeking treatment during the
aftermath of a chemical leak disaster.
Overall, these results demonstrate previously undocumented racial disparities in
respiratory health outcomes and ER use attributed to reported and likely unreported MCHM
exposure. Moreover, the failure to explore the possibility of the deleterious effect of the flushing
intervention on all segments of the population suggests that governmental disaster management,
as described in this study, continues to contribute to the well documented history of systematic
and institutional neglect for Appalachian communities, and those who are considered vulnerable,
low-income, and poor populations.
In summary, our data show that the tap water contamination from the Elk River chemical
leak and subsequent flushing intervention created the disproportionate environmental exposure
potential that could trigger adverse respiratory health outcomes, particularly among low-income
Black residents. Results presented herein illustrate human health hazards and respiratory health
outcomes that contribute to the health inequity burden that were not previously documented by
governmental officials independently or as part of the coordinated disaster management system.
Based on these findings, it is our overall conclusion that governmental disaster risk
management practices implemented during the Elk River chemical leak perpetuated a system of
health disparities and inequity by not taking them into account when characterizing human health
hazards associated with the leak or when assessing health outcomes.

Section 5.2 Summary of Recommendations
Our research supports a host of recommendations made previously in other studies. These
recommendations are described in further detail in Chapters 2-4. Inhalation should be considered
in addition to other routes of exposure when establishing short-term drinking water advisories for
water contamination (Rosen, et al., 2014). Flushing protocols should be science-based and
developed to mitigate health impacts (A. J. Whelton, et al., 2015). Conduct air sampling along
with water sampling in water contamination events with human health exposure potential (D. L.
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Gallagher, et al., 2018). Federal, state and local efforts should be aimed at implementing
aboveground storage tank regulations that prevent hazardous discharge into the nation’s waterways
and include proximity considerations to vulnerable sources (Omur-Ozbek, et al., 2016).
Disaster epidemiology should be fully integrated into the disaster management cycle
(Malilay, et al., 2014; A. Miller, et al., 2016). What we contribute is a case study for framing
disaster epidemiology in the context of a vulnerable population approach that specifically seeks to
identify health disparities as a means to close the health equity gap. While tools like the
Community Assessment for Public Health Emergency Response (CASPER) are helpful in
quantifying these scenarios, they offer little opportunity to learn qualitatively from the stories of
lived experiences.

Pairing such tools with transformative mixed methods research design

(Mertens, 2008) that includes key informant interviews with community leaders trusted by the
community would complement quantitative findings and could simultaneously serve as a function
for building community resiliency if community partners were meaningfully and equitably
engaged.
Other recommendations include activating a nationally integrated occupational and
environmental health surveillance network established to monitor the cumulative health impacts
of communities disproportionately burdened by industrial pollution and disasters.
Above all else, preventing disasters is the only true way to prevent disproportionate adverse
health effects (Robert D. Bullard, 1993). This can be better accomplished by the implementation
of local, state and federal above-ground storage tank laws and by enacting the West Virginia
Chemical Release Prevention Program (Gupta, 2015) and similarly localized chemical release
prevention programs across the country. Implementing cumulative impacts regulations as outlined
by the New Jersey Environmental Justice Alliance at the national, state and local level would
prevent additional permitting and limit existing permitting of polluting industries in low-income
communities and communities of color (Alliance, 2011), would have a tremendous impact, and is
supported by a number of environmental justice communities (Reform, 2019).
Focusing resources aimed at such prevention measures would have a longer-lasting effect
than others more focused on secondary prevention efforts as those would still be more likely to
result in adverse and disproportionate health effects.
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Section 5.3 Summary of Future Research
Future research should be geared towards understanding the health effects of MCHM
exposure among coal beneficiation plant workers as they are more likely to experience elevated
ambient temperatures of the chemical in closed conditions (Y. T. He, et al., 2015) for durations
longer than what it took to produce hazardous ambient concentrations of MCHM during the Elk
River chemical leak (Omur-Ozbek, et al., 2016; A. E. Sain, et al., 2015b). Compare existing
cumulative health models to assess the most effective means for outlining the cumulative health
burden of communities like Institute and Prenter would benefit disproportionately impacted
communities. Comparing this dataset to a control group would be quite useful in assessing any
elevated effect of the Elk River chemical leak over background. Similarly, long-term respiratory
health effects associated with the 2014 West Virginia Elk River drinking water contamination are
not known and would make an excellent topic for future studies. Health outcomes attributed to
inhalation exposure of the crude MCHM mixture that was leaked into the Elk River may not solely
manifest in respiratory outcomes. Further research should better elucidate these effects.
Fertile evidence has been outlined by Robert D Bullard and Wright (2012) on how
governmental disaster management endangers African American communities. To support this
groundwork, future research could specifically aim to further illuminate how governmental
disaster management contributes to systematic and institutional racism and classism in the delivery
of health care during disaster scenarios, particularly in central and southern Appalachia, using the
Elk River chemical leak and other similar disasters, such as those occurring in West Virginia’s
“Chemical Valley,” as cumulative impact case studies.
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Table A1. List of Variables in Dataset from Medical Abstraction for CDC/ATSDR/WVBPH
Assessment for Chemical Exposure Investigation
Variable

Description

Age

#

Sex

Male, Female, Blank

Race
Ethnicity

American Indian/Alaskan Native, Asian, Black, Native Hawaiian/Pacific Islander, White,
NA, Other
Not Available, Not Hispanic, Blank

Insurance Status
Other Insurance

Primary and secondary: Private, None, Medicare/Government, NA, Blank
Payment notes such as self-pay, Veterans Administration, hospital charity, etc.

Visit Date

Date

Time of Arrival

Time

Chief Complaint
Oxygen Saturation

Symptoms, medical concerns of patient
#

Oxygen
Supplement
Height

Yes, No, NA, Blank

Weight

#

Temperature
Pulse

#
#

Respiratory Rate

#

Blood Pressure

#

Medicines
Medical History
Date Reviewed

list
Asthma, Infarction, COPD, Congestive Heart Failure, Diabetes, Cancer, Pregnant,
Smoking, Breastfeeding, Depression, Hypertension, GERD, Other
Date

Date Entered

Date

Route of Exposure

CDC's classification: Inhalation, Skin Contact, Ingestion, Other, NOS, No Exposure

Exposure Type
Additional Details

CDC's classification: Shower, Bath, Bathing, Brush teeth, Flushed
Notes of water use, routes of exposure and points of contact and random other

Symptoms

Imaging Info
EKG Info

CDC's classification: Chills, Abdominal Pain, Fever, Fatigue, Diarrhea, Nausea, General
Other 1, Vomiting, General Other 2, General Other 3, Eye Pain, Eye Itch, Headache,
Lightheaded, Vision Change, Chest Tightness, Anxiety, General Symptoms Comments,
Cough, Dyspnea, Sinus Pain, Wheeze, Sore Throat, Nosebleed, Chest Pain, Palpitation,
Tachycardia, Eye Symptoms Comments, Cardio Symptom Comments, Respiratory
Symptoms Comments, Redness, Hives, Skin Pain, Skin Itch, Rash, Blisters,
Gastrointestinal Symptom Comments, Nervous Symptom Comments, Skin Symptom
Comments
Type of imaging and findings
Details or blank

Lab Work

Type of lab work and findings

Diagnosis

Primary and secondary

Admission Status

Admitted or discharged

Admission Date

Date

Discharge Date

Date

#
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Table A2. Respiratory health outcomes classification system.
Main
Variable

SubCategory
1

SubCategory 2

Description of listed terms used to identify categories in symptoms and diagnosis listings.

Outcome

Lower

Asthma!

asthma, asthmatic bronchitis

Breath!

trouble/difficulty breathing, breathing problems, dyspnea/shortness of breath, wheezing

Bronch!

bronchitis, bronchiolitis, bronchial spasm, chest burning or tightness, lung burning or
irritation, pneumonia, chemical pneumonia, pneumonitis

COPD

COPD

Cough

Cough

Lower
Respiratory

respiratory distress/failure/irritation, lower respiratory

Inhal!

Chemical inhalation (as diagnosis)

Upper
Respiratory

Respiratory infection, upper respiratory

Sinus!

Sinus pain, sinusitis, rhinitis, rhinorrhea, sneezing, congestion (general), nose or nasal
bleed/burn/runny/congestion/irritation

Throat!

Throat, tongue or pharyngeal sore/burn/irritated/itch/pain/swelling/hoarse, pharyngitis,
difficulty swallowing, gagging/choking

NONE

Anything other than the above-listed

Upper

No
Outcome

NONE
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Table A3. Classification system for routes of exposure and points of water contact exposure pathways.
Exposure Pathways

Routes of Exposure
Assigned Route of Exposure†
Inhalation

Skin

Ingestion

Other Potential Routes of Exposure
Possible
Inhalation

Point of Contact

ER record description

Ambient Odor

Odor, fumes, smell in the air described, or being near
the river or spill site.

x

Shower

Showering specifically mentioned.

x

x

Bathing

Personal washing or bathing described.

x

x

Bath

Actual bath (submerged in water) noted.

x

x

Flushed

Process of flushing specifically indicated.

x

Drinking/ Eating

Drinking or eating food.

x

x

Cooking

Cooking noted, presumed food consumption.

x

x

Cleaning*

Cleaning indoors or outdoors mentioned.

Food/Drink Preparation

Food preparation, making coffee/tea.

Laundry**

Act of cleaning laundry noted.

x

x

Dishes

By hand or dishwasher.

x

x

Washed Hands

Specific notation separate from bathing.

x

x

Washed Face

Specific notation separate from bathing.

x

x

Brush teeth

Brushing teeth specifically noted.

x

x

Possible
Skin

Possible
Ingestion

xª

x

x

x

x
x

x

ª as per Gallagher et al. (2018) // † This identifies how variables were coded for analysis.
*One cleaning case was attributed to inhalation exposure and one was attributed to NOS based on case details.
**One case was attributed to Other route of exposure and one case was attributed to NOS based on case details.

x

x
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Table A4. Lower respiratory health outcomes cases by attributed routes of exposure. ª

Respiratory Health Outcome Type
Overall
No Respiratory
All Respiratory
Lower Respiratory
Asthma!

N
N
N
N
N
Asthma
Asthmatic Bronchitis
Breath!
N
Breath!
Difficulty Breathing
Dyspnea/SOB
Wheezing
Bronch!
N
Bronchitis
Bronchospasm
Chest Burning
Chest Tightness
Lung Burning
Lung Irritation
Pneumonia
Chemical Pneumonia
Pneumonitis
COPD
N
Cough
N
Lower Respir!N
Respiratory Distress
Respiratory Failure
Respiratory Irritation
Lower Respir

Route of Exposure
Ingestion Inhalation
NOS

ALL

Skin

Other

N

N

N

N

N

N

372

186

155

182

40

1

246
126
71
14
14
1
44
1
15
29
7
26
13
3
1
4
4
2
4
1
4
2
30
5
1
1
1
3

137
49
25
4
4
0
17
0
6
0
3
5
2
0
0
0
1
2
0
0
1
2
8
1
0
0
1
0

103
52
23
1
1
1
11
0
4
0
0
10
4
1
1
1
1
1
2
0
0
0
10
2
0
1
1
1

116
66
36
8
8
0
25
0
9
0
7
15
7
2
0
3
3
1
2
1
4
2
18
2
0
0
0
2

25
15
9
3
3
0
5
1
1
0
0
1
1
0
0
0
0
0
0
0
0
0
3
1
1
0
0
0

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

ª This table shows that inhalation is the route of exposure with the most RHOs in the lower
respiratory tract.
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Table A5. Upper respiratory health outcomes cases by attributed routes of exposure. ª

Respiratory Health Outcome Type
Upper Respiratory
N
Inhal!
N
Upper Respir!N
Respiratory Infection
Upper Respiratory
Sinus!
N
Nosebleed
Nose Burning
Nasal Congestion
Nasal Irritation
Runny Nose
Rhinitis
Rhinorrhea
Sinusitis
Sneezing
Sinus Pain
Congestion (general)
Throat!
N
Pharyngitis
Tongue Pain
Throat Burn
Throat Itch
Throat Pain
Sore Throat
Throat Irritation
Throat Swelling
Difficulty Swallowing
Dysphagia
Gagging/Choking
Hoarse

ALL

Skin

N
92
2
15
15
1
42
1
4
5
3
7
1
7
1
5
0
20
57
14
4
15
2
3
31
8
5
3
1
2
3

N
31
1
6
6
1
12
0
1
1
2
4
0
1
1
2
0
5

26
6
1
6
2
1
11
2
2
1
1
0
1

Route of Exposure
Ingestion Inhalation
NOS
N
41
1
3
3
0
13
0
2
3
0
1
0
3
0
1
0
6
34
6
2
10
2
1
21
3
2
1
0
0
1

N
48
2
10
10
1
22
0
1
3
2
3
0
4
1
4
0
13
31
9
1
7
2
1
14
5
2
1
0
1
2

N
12
0
3
3
0
8
1
1
1
0
2
1
0
0
1
0
2
4
2
1
2
0
1
0
0
0
0
0
1
0

Other
N
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

ª This table shows that inhalation is the route of exposure with the most RHOs in the upper
respiratory tract.
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Table A6. Counts of respiratory health outcomes cases by attributed points of contact in the lower respiratory tract. ª
Points of Exposure

Respiratory Health Outcome Type
Overall
No Respiratory
All Respiratory
Lower
Asthma!

N
N
N
N
N
Asthma
Asthmatic Bronchitis
Breath!
N
Breath!
Difficulty Breathing
Dyspnea/SOB
Wheezing
Bronch!
N
Bronchitis
Bronchospasm
Chest Burning
Chest Tightness
Lung Burning
Lung Irritation
Pneumonia
Chemical Pneumonia
Pneumonitis
COPD
N
Cough
N
Lower Respir!N
Respiratory Distress
Respiratory Failure
Respiratory Irritation
Lower Respir

ALL
N

WorkRelated
N

Shower

N

N

N

N

N

N

N

372
246
126
71
14
14
1
44
1
15
31
7
26
13
3
1
4
4
2
4
1
4
2
30
5
1
1
1
3

8
1
7
5
1
1
0
4
0
1
4
1
4
3
1
0
1
0
0
1
1
0
0
4
2
0
0
0
2

98
74
24
12
2
2
0
8
0
3
4
1
1
1
0
0
0
0
0
0
0
1
1
7
0
0
0
0
0

12
10
2
1
0
0
0
1
0
1
0
0
1
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0

33
24
9
4
0
0
0
3
0
0
2
2
1
0
0
0
0
1
0
0
0
0
1
1
0
0
0
0
0

139
106
33
17
2
2
0
12
0
4
6
3
3
1
0
0
0
1
1
0
0
1
2
8
0
0
0
0
0

31
14
17
9
3
3
0
7
0
2
6
2
6
3
1
0
1
2
0
2
1
0
0
4
1
0
0
0
1

28
8
20
12
3
3
0
8
0
4
5
2
6
3
1
0
2
0
0
0
0
3
0
6
1
0
0
0
1

59
22
37
21
6
6
0
15
0
6
11
4
12
6
2
0
3
2
0
2
1
3
0
10
2
0
0
0
2

Bath

Bathing

Shower
Combo

Flush

Ambient
Odor

Flush
Combo

Drinking/
Eating

Cleaning

Food/
Drink
Prep

Laundry

Dishes

Washed
Face

N

N

N

N

N

N

7
6
1
1
0
0
0
0
0
0
0
0
1
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0

11
8
3
1
0
0
0
0
0
0
0
0
1
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0

5
2
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

5
5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

8
7
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

7
5
2
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Washed
Hands

Cooking

N

N

149
99
50
21
1
1
1
11
0
4
7
0
8
3
1
1
1
1
1
2
0
0
0
9
2
0
1
1
1

14
9
5
4
1
1
0
3
0
0
2
0
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

ªThis table shows that flush combo and drinking and eating points of contact have the highest counts of the lower RHOs.
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Table A7. Lower respiratory health outcomes cases by attributed points of contact. ª
Points of Exposure

Shower

Respiratory Health Outcome Type

ALL
N

WorkRelated
N

N

N

N

N

N

N

N

Overall
N
No Respiratory
N
All Respiratory
N
Upper
N
Inhal!
N
Upper Respir!N
Respiratory Infection
Upper Respiratory
Sinus!
N
Nosebleed
Nose Burning
Nasal Congestion
Nasal Irritation
Runny Nose
Rhinitis
Rhinorrhea
Sinusitis
Sneezing
Sinus Pain
Congestion (general)
Throat!
N
Pharyngitis
Tongue Pain
Throat Burn
Throat Itch
Throat Pain
Sore Throat
Throat Irritation
Throat Swelling
Difficulty Swallowing
Dysphagia
Gagging/Choking
Hoarse

372
246
126
92
2
15
15
1
42
1
4
5
3
7
1
7
1
5
0
20
61
14
4
15
2
3
31
8
5
3
1
2
3

8
1
7
6
0
0
0
0
6
0
0
0
1
0
0
2
0
2
0
3
3
1
0
1
0
0
2
1
0
0
0
0
0

98
74
24
16
1
3
3
0
5
0
0
0
0
3
0
1
1
1
0
3
14
4
1
3
2
1
5
2
1
0
0
0
0

12
10
2
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1

33
24
9
5
1
2
2
1
2
0
0
1
0
0
0
0
0
0
0
2
3

139
106
33
20
1
5
5
1
7
0
0
1
0
3
0
1
1
1
0
5
16
4
1
4
2
1
5
2
1
0
0
0
1

31
14
17
12
0
3
3
1
6
0
0
0
0
0
0
0
0
1
0
5
6
2
0
0
0
0
3
1
1
1
0
1
0

28
8
20
18
2
4
4
0
8
0
1
2
1
0
0
3
0
2
0
3
10
2
0
2
1
0
6
3
0
0
0
0
1

59
22
37
30
2
7
7
1
14
0
1
2
1
0
0
3
0
3
0
8
16
4
0
2
1
0
9
4
1
1
0
1
1

Bath

Bathing

0
0
1
2
0
1
0
0
0
0
0
0

Shower
Combo

Flush

Ambient
Odor

Flush
Combo

Drinking/
Eating

Cleaning

Food/
Drink
Prep

Laundry

Dishes

Washed
Face

N

N

N

N

N

N

7
6
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

11
8
3
2
0
0
0
0
2
0
0
0
1
0
0
0
0
0
0
1
2
1
0
1
0
0
1
0
0
0
0
0
0

5
2
3
3
0
0
0
0
1
0
0
1
0
0
0
0
0
0
0
0
2
0
0
0
0
0
2
0
0
0
0
0
0

5
5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

8
7
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1
0
1
0
0
0
0
0
0

7
5
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Washed
Hands

Cooking

N

N

149
99
50
40
1
3
3
0
13
0
2
3
0
1
0
3
0
1
0
6
33
6
2
10
2
1
20
3
1
1
0
0
1

14
9
5
3
0
0
0
0
1
0
0
0
1
0
0
0
0
0
0
0
3
0
0
0
0
0
2
0
1
0
1
0
0

ªThis table shows that flush combo and drinking and eating points of contact have the highest counts of the lower RHOs.
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Figure A1. Graphical depiction of exposure duration and some potential sources of indoor exposure to Freedom Industries’ crude
MCHM blend. All of the faucets identified are ones that would have been subject to the flushing intervention procedure which was
demonstrated to produce hazardous ambient MCHM concentrations for inhalation (Omur-Ozbek, Akalp, & Whelton, 2016).
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Table B1. Timeline of the lifting of the “Do Not Use” water ban according to areas affected.
2014 date
when
flushing
began
Areas lifted
January 13 downtown Charleston and East End areas

Running # of
customers for
whom zone is #
of
Lift order lifted
customers Notes
1

na

na

nearly all of the Kanawha City area

2

10,000

na

lower elevations of South Charleston

3

15,600

na

North Charleston, West Side, Sissonville Drive and Big Chimney

4

26,000

na

5

28,500

na

Southridge/Southside area

6

35,000

na

George Washington area around South Hills

7

38,000

na

Alum Creek and Upper Falls
parts of Dunbar, Nitro, Poca, Bancroft, Winfield, Buffalo and Staves
Branch

8

39,000

na

9

48,000

10

51,600

11

55,800

12

56,800

13

71,000

1,800

14

57,000

na

15

70,000

12,200

16

73,600

2,500

Eskdale, Leewood and Ohley

17

73,700

80

Coal Fork, Pointlick and Campbells Creek areas

18

74,000

420

January 14 Edgewood area of Charleston

January 15 Grandview and Allen’s Route
southeastern part of Kanawha County, including Marmet, Belle,
Chesapeake, Cabin Creek, Pratt and Paint Creek
Brynwood-Elk River, Beacon Ridge, Brook Hill, Credemont,
Crestwood, Milliken, Mile Fork Coopers Creek, Jarrell Addition,
Jenkins Hollow, Airport, Air National Guard and Eagle View
January 16† Big Bottom, Bona Vista, Cemetery, Clover Hollow, Elk Two Mile and
Valley Grove
Mount Alpha and Lower Donnally areas of Charleston
Culloden, Hamlin, Cross Lanes, Poca, Nitro and all Boone County
customers
January 17 Elkview

na
na
na
na

Lift time noon

Zone lifted now for ~50% of
system's customers
1/15/14-Date when CDC
recommended
pregnant
women use alternate drinking
water source out of abundance
of caution

Clendenin
19
na
na
Last zone
ª Retrieved April 17, 2020 from https://pr.amwater.com/press-releases † Limited Water Restriction Lifts Expected Tonight Due to Excessive Flushing Activity

120

Table B2. Self-reported health impacts of the drinking water contamination reported across household surveys.

Reported
Respondents

by

CASPER Report
(April 2014) **

Burrer et al. (2017)
(CASPER article)
*

Schade et al.
(2015)

WVTAP (2014)

Whelton et al. (2015)

(N=171)

(N=171)

(N= 498)

(N=10)

-

-

Jan 9 (n=3); Jan 10-14
(n=5); prior to Jan 9
(n=1); never detected
(n=1)

(N=16)
n=14 during first two
weeks; n=2 prior to
January 9th; most say
licorice and sweet
smell; differing
intensities

22.8% (n=128)

21.7% (n=128)

32% (n=159)

yes

n=7 (43.8%), at least
one person in home

Imputed 43.6% (n=17/39)

-

25% (n=40)

40% (n=4)

n=2

10.3% (n=4); projected
3,301 households

-

28% (n=11)

-

-

17.7% (n=3); projected
2,185 households

-

n=3

-

-

15.4% (n=6)

-

-

-

-

15.4% (n=6)

-

25%

46.2% (n=18)

-

38%

Odor reported

Health effects to the
water
contamination
(any)
Health effects (any) and
sought medical care
Health effects (any) and
sought medical care at a
hospital
emergency
room
Health effects (any) and
sought medical care
were admitted to the
hospital
Respiratory-related
symptoms (any)
Symptom (any) onset
before DNU
Symptom (any) onset
during DNU

Timing of symptoms
unclear

-

121
Symptom (any) onset
after DNU
Used water during “Do
Not Use” (DNU) (any)

Ways that water was
used before, during or
after DNU

Household
status

Other

flushing

48.7% (n=19)

-

45% (n=71)

37.0% (n=47)

37.40%

8%

See water use during
DNU

-

Reported as
(% during / % after):
Showered/ bathed in water
(78.8/91.9%);
washed hands (46.8/72.1%);
washed clothes
(40.4/94.2%); washed dishes
(34/68.6%); brushed teeth
(34/34.9%); ate or drank
food prepared with water
(27.7/na%); cooking
(na/20.9%); drank water
(27.7/14.0%); gave water to
pets (19.4/21.8%); watered
plants (8.5/29.1%)

Showered/ bathed
in water (n=37);
washed hands
(n=22); washed
clothes (n=19);
other

Drinking
(n=169 after);
Not drinking
three months
after (n=328)

Reported as
(n=before/after):
Shower (n=10/6); drink
(n=0); laundry (n=10/9);
flush toilet (n=10/10);
brush teeth (n=8/1); cook
(n=7/0); animals (n=3/1);
baby formula (n=1/0)

Showering (n=4 of
15); drinking (n=1 of
12); clothes washing
(n=3 of 15); brushing
teeth (n=1 of 15);
cooking (1 of 15), and
watering animals (2 of
12)

Did not ask

Seven households
had not flushed;
Seven had already
flushed; One
household partially
flushed (second story
not flushed)

-

Households did not
resume pre-spill
water-use activities
partially due to
observed licorice odor
post-flushing;
Supplemental
information includes
health experiences
related to work

Did not ask

Only inquired whether or not
flushing instructions had
been adequately
communicated. Most
respondents (n=117, 94.4%
of households interviewed)
reported information was
easy to read and understand,
but only 124 out of 128
received the instructions.

Did not ask

-

Did not ask

-

-
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*Rate reported is weighted % of interviewed households
**Rate reported is % of interviewed households
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Table B3. Comparison of counts for all ER visits and all ER visits with RHOs after the flushing intervention (January 13-23) versus
before (January 9-12, 2014) stratified by routes of exposure.
Inhalation
All ER Visits
(Denominators)
Outcome Type
All Cases
No Respiratory
All Respiratory

Before N
148
96
52

After N
224
150
74

Before
N
65
39
26

% Before
N by row
44%
50%

After
% All ER
Visits Before
18%

N
117
77
40

% After N by
row
52%
54%

% All ER
Visits After
18%

Counts p-value
<0.001
0.09

% All ER
Visits After
13%

Counts p-value
<0.001
0.12

% All ER
Visits After
11%

Counts p-value
0.30
0.78

Skin Contact
All ER Visits
(Denominators)
Outcome Type
All Cases
No Respiratory
All Respiratory

Before N
148
96
52

After N
224
150
74

Before
N
61
42
19

% Before
N by row
41%
37%

After
% All ER
Visits Before
13%

N
125
95
30

% After N by
row
56%
41%

Ingestion
All ER Visits
(Denominators)
Outcome Type
All Cases
No Respiratory
All Respiratory

Before N
148
96
52

After N
224
150
74

Before
N
84
57
27

% Before
N by row
57%
52%

After
% All ER
Visits Before
18%

N
71
46
25

% After N by
row
32%
34%
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Table B4. Comparison of counts for all ER visits and all ER visits with RHOs after the flushing intervention (January 13-23) versus
before (January 9-12, 2014) stratified by points of contact.
Flush Combo
All ER Visits
(Denominators)
Before
After
Outcome Type
Overall
No Respiratory
All Respiratory

Before
N
148
96
52

After N
224
150
74

N
12
2
10

% Before
N by row
8%
19%

% All ER
Visits Before
7%

N
47
20
27

% After
N by row
21%
36%

% All ER
Visits After
12%

Counts pvalue
<0.001
0.01

% All ER
Visits After
8%

Counts pvalue
<0.01
0.86

% All ER
Visits After
11%

Counts pvalue
0.17
0.78

Shower Combo
All ER Visits
(Denominators)
Outcome Type
Overall
No Respiratory
All Respiratory

Before
N
148
96
52

After N
224
150
74

Before
N
53
37
16

% Before
N by row
36%
31%

After
% All ER
Visits Before
11%

N
86
69
17

% After
N by row
38%
23%

Drinking/Eating
All ER Visits
(Denominators)
Outcome Type
Overall
No Respiratory
All Respiratory

Before
N
148
96
52

After N
224
150
74

Before
N
66
40
26

% Before
N by row
45%
50%

After
% All ER
Visits Before
18%

N
83
59
24

% After
N by row
37%
32%
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Table B5. Two-day rates of RHOs among all ER visits by routes of exposure. ª

ª This table shows comparisons between two-day periods after versus before for rates of RHOs by
routes of exposure (numerator) among all ER visits (denominator).

126
Table B6. Two-day rates of RHOs among all ER visits with RHOs by routes of exposure. ª

ª This table shows the results of comparisons between two-day periods after versus before for rates
of RHOs by routes of exposure (numerator) among all ER visits with RHOs (denominator)
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Table B7. Two-day rates of RHOs among all ER visits by points of contact. ª

ª This table shows the two-day rates of RHOs (numerator) among all ER visits (denominator) by points of contact.
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Table B8. Two Day RHO Rates of All ER Visits with RHOs by Points of Contact. ª

ª This table shows the two-day rates of RHOs (numerator) among all ER visits with RHOs
(denominator) by points of contact.
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Figure B1. Trend in two-day rates of RHOs attributed to each points of contact by the two-day
total of ER visits with RHOs.
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APPENDIX C
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Table C1. List of census tracts (n=83) partially or completely affected by the Elk River
chemical leak1.

County

Census Tract Numbers

Boone
Cabell
Clay
Jackson

9582, 9583, 9584, 9585.01, 9585.02, 9586, 9587, 9588,
106, 107, 108
9579, 9580

Kanawha

Lincoln
Logan
Mason
Putnam
Roane
1

9637

1, 2, 3, 5, 6, 7, 8, 9, 11, 12, 13, 15, 17, 18, 19.01, 19.02, 20, 21, 101, 102, 103,
104, 105, 106, 107.01, 107.02, 108.01, 108.02, 109, 110, 111, 112, 113.01,
113.02, 114.01, 114.02, 115, 118, 121, 122, 123, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137.01, 137.02, 138
9554, 9555
9568
9551.02

201, 202, 203, 204, 205, 206.01, 206.03, 206.04, 206.05, 207
9629, 9631

Source: American Water (AMWater) “Zone 25” featured layer, retrieved from ArcGIS in May
1,
2019
from
https://www.arcgis.com/home/item.html?id=d5a8efd74399455381729f81697c1bec
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Table C2. Population included on West Virginia American Water’s map1 communicating areas
affected that were not actually affected by the Elk River chemical leak2.
Municipal Water Supplier

County

Population Served

Hurricane

Putnam

8,248

Putnam Public Service District

Putnam

21,719

St. Albans

Kanawha

12,726

Cedar Grove

Kanawha

960

East Bank

Kanawha

978

-

Not included on map

Montgomery
Population not served by WVAW

-

44,631

1

Source: American Water (AMWater) “Zone 25” featured layer (retrieved on May 1, 2019 from ArcGIS
https://www.arcgis.com/home/item.html?id=d5a8efd74399455381729f81697c1bec)
2

Source: Water, W. V. A., News - Kanawha Valley Customers - Do not use water alert for West Virginia
American Water Kanawha Valley Customers, 11:15 AM CLARIFICATION. In Online, 2014.
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Table C3. Descriptive table of demographics for all ER visits and attributed points of water contact.
Point of Water Contact1
Total Cases
372 (100%)

Shower
Combo2
139 (37%)6

Flush
Combo3
59 (16%)6

Drinking &
Eating
149 (40%)6

NOS4
39 (10%)6

Other5
47 (13%)6

Female

220 (59%)

80 (58%)

38 (64%)

79 (53%)

25 (64%)

30 (63%)

Male

150 (40%)

59 (42%)

20 (34%)

69 (46%)

14 (36%)

16 (34%)

Blank

2 (1%)

0 (0%)

1 (2%)

1 (1%)

0 (0%)

1 (2%)

<1

7 (2%)

2 (1%)

2 (3%)

5 (3%)

1 (3%)

1 (2%)

1-4

18 (5%)

6 (4%)

1 (2%)

5 (3%)

1 (3%)

1 (2%)

5-14

21 (6%)

7 (5%)

0 (0%)

10 (7%)

3 (8%)

0 (0%)

15-24

33 (9%)

14 (10%)

1 (2%)

17 (11%)

1 (3%)

3 (6%)

25-34

47 (13%)

12 (9%)

6 (10%)

23 (15%)

5 (13%)

8 (17%)

35-54

154 (41%)

65 (47%)

30 (51%)

55 (37%)

13 (33%)

24 (51%)

55-64

65 (17%)

23 (17%)

15 (25%)

22 (15%)

11 (28%)

4 (9%)

>65

27 (7%)

10 (7%)

4 (7%)

12 (8%)

4 (10%)

6 (13%)

White

287 (77%)

113 (81%)

48 (81%)

113 (76%)

29 (74%)

33 (70%)

Black

66 (18%)

20 (14%)

6 (10%)

29 (19%)

9 (23%)

10 (21%)

All
Sex

Age

Race

Ethnicity

Insurance

Medical
History7

Other/
Unknown
Not Hispanic

19 (5%)

6 (4%)

5 (8%)

7 (5%)

1 (3%)

4 (9%)

196 (53%)

66 (47%)

26 (44%)

91 (61%)

15 (38%)

25 (53%)

Not Available

59 (16%)

21 (15%)

9 (15%)

19 (13%)

13 (33%)

7 (15%)

Blank
Medicare/
Government
Private
Not Available/
Blank
None

117 (31%)

52 (37%)

24 (41%)

39 (26%)

11 (28%)

15 (32%)

190 (51%)

72 (52%)

17 (29%)

90 (69%)

19 (49%)

19 (40%)

112 (30%)

48 (35%)

34 (58%)

31 (21%)

16 (41%)

12 (26%)

60 (16%)

2 (1%)

2 (3%)

3 (2%)

1 (3%)

2 (4%)

10 (3%)

17 (12%)

6 (10%)

25 (17%)

3 (8%)

14 (30%)

All

431 (116%)

156 (112%)

72 (122%)

172 (115%)

48 (123%)

53 (113%)

49 (13%)

19 (14%)

10 (17%)

18 (12%)

4 (10%)

6 (13%)

Asthma

COPD
25 (7%)
9 (6%)
6 (10%)
10 (7%)
3 (8%)
1 (2%)
% of total column N unless otherwise noted
2
Shower Combo was attributed to a cases where shower (n=98), bathing (n=33), or bath (n=12) were reported.
3
Flush Combo was attributed to a case if it reports were related to either Ambient Odor or Flushing.
4
NOS = Cases where points of contact were not otherwise specified
5
Other at least one or more of these points of contact: brush teeth (n=4), washing hands (n=14), washing face (n=7), dishes
(n=8), laundry (n= ), cooking (n=7), cleaning (n=11).
6
% of all cases (N=372)
7
Medical History not listed (% of N=372): Tobacco Use (n=113, 30%), Cancer (n=4, 1%), Congestive Heart Failure (n=10,
3%), Diabetes (n=49, 13%), Depression (n=35, 9%), Hypertension (101, 27%), Heart Attack (n=5, 1%), Breastfeeding n=1,
0%), Pregnant (n=8, 2%), GERD (n=31, 9%)
1
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Table 46. Demographics by Routes of Exposure.
Route of Exposure
Skin Contact
n=186
108
77
1

Ingestion
n=155
82
72
1

Inhalation
n=182
108
73
1

Other Route
n=1
0
1
0

NOS1
n=40
26
14
0

Sex

Female
Male
Blank

n
N=372
220
150
2

Age

<1
1-4
5-14
15-24
25-34
35-54
55-64
>65

7
18
21
33
47
154
65
27

4
9
7
17
20
88
27
14

5
5
11
18
25
55
22
14

3
7
7
16
16
86
35
12

0
0
0
0
0
0
1
0

1
1
3
1
5
13
12
4

Race

White
Black
Other/Unknown

287
66
19

147
28
11

115
32
8

149
24
9

1
0
0

30
9
1

Ethnicity

Not Hispanic
Not Available
Blank

196
59
117

91
26
69

94
20
41

86
28
68

0
0
1

16
13
11

Insurance

Medicare/Government
Private
Not Available/Blank
None

190
112
60
10

92
58
4
32

93
31
3
28

81
73
4
24

0
1
0
0

21
15
1
3

431
49
25
113
4
10
49
35
101
5
1
8
31

204
24
10
57
2
4
21
15
50
2
1
3
15

177
19
10
48
3
6
24
10
41
2
0
5
9

213
27
14
53
2
5
20
19
51
3
0
2
17

2
0
0
0
0
0
1
0
1
0
0
0
0

52
4
3
10
0
1
8
5
14
1
0
0
6

Medical History All
Asthma
COPD
Tobacco Use
Cancer
Congestive Heart Failure
Diabetes
Depression
Hypertension
Myocardial Infarction
Breastfeeding
Pregnant
GERD (current)
1
2
2
3

Shower Combo was attributed to a cases where shower (n=98), bathing (n=33), or bath (n=12 ) were reported.
Flush Combo was attriuted to a case if it reports were related to either Ambient Odor or Flushing.
NOS
of these
contact
wereofnot otherwise specified
Other=atCases
least where
one or points
more of
points

contact: brushteeth (n=4), washing hands (n=14),
washing face (n=7), dishes (n=8), laundry (n= ),
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Figure C1. Comparing counts of ER visits between different demographics.

Figure C2. Two-day rates comparison of ER visits with RHOs within demographic to other
demographics. For example, we took the count of Black residents with RHOs attributed to MCHM
exposure on January 9-10 and divided it by the total number of all Black residents who went to the
ER with reported MCHM exposure on January 9-10. We did that for each two-day period for each
demographic and plotted them all on this chart. These lines correspond to the yellow, green and
gray lines on Figure C1. The analysis presented in this figure better represents the trend among
the marginalized group than does Figure C1.

